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ABSTRACT
The spatial and temporal distribution of 
Chromobacterium in rivers was studied using a selective 
medium developed for the routine enumeration of small 
populations of these organisms* These studies gave a 
strong indication that numbers of chromobacteria were 
highest during winter months* This correlation was, at 
least in part, ascribed to increased carriage of silt by 
the river, derived from washed-in soil and resuspended 
sediment, during these months of high surface run-off 
and, consequently, high river flow-rate*
The distribution of chromobacteria in soils 
and river sediments was investigated and was found to be 
widespread but irregular, and could not be correlated 
with any particular property of the deposit. In laboratory 
experiments, chromobacteria were found to proliferate in 
river water at 6°C (temperature equivalent to that of 
the river in winter), but rapidly disappeared at 15-17°C 
(equivalent to the river in summer). Chromobacteria 
seemed to be widespread in rivers, being isolated from 
all rivers sampled. Counts of chromobacteria were low 
from young, clear streams, but increased as the river 
aged.
Through a comparison of the properties of 
strains of Chromobacterium, some strains from soil were 
found to be indistinguishable from most river and 
sediment isolates, while other "gelatinous” types were 
considered as characteristic of soil* A distinctive
group producing thin spreading colonies were isolated 
only from water, and although psychrophilic, they were 
clearly separated from the accepted concept of 
Chromobacterium lividum.
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I INTRODUCTION 
History of the Genus
Bacteria producing coloured pigments have attracted 
much attention from the earliest days of bacteriology.
Although formerly the genus Chromobacterium contained many 
of these organisms, such as red and yellow chromogens, it 
is now used exclusively for those bacteria which produce 
the purple pigment known as violacein, although some such 
isolates have now been referred to as members of the genus 
Pseudomonas (Gauthier et al., 1975).
Many names have been used for these purple chromogens 
in the past. As cited by Sneath (1960), the first record 
of a member of the group was probably that of Schroeter 
(1872), or possibly five years earlier by Lecoq de Boisbaudran 
(1882). Bergonzini (1880) described a strain which he named 
Cromobacterium violaceum and this has generally become 
accepted as the type species.
In the 1880fs numerous other workers referred to 
examples. Plagge & Proskauer (1887) made the first attempt 
at dividing the group, on the basis of gelatin liquifaction, 
and various divisions were made by de Lagerheim (1891), 
Sternberg (1893) and Fuller & Johnson (1899), but their 
differential criteria were trivial ones (Sneath,_ .1960).. 
Lehmann & Neumann (1899) recognised two types which 
coincide roughly with the present division of mesophil
and psychrophil; and called them Bacterium violaceum and 
Bacillus membranaceus amethystinus (after Eisenburg, 1891).
Early workers commonly grouped these organisms in 
one of the two genera Bacterium and Bacillus, but since 
Buchanan (1918) recognised the genus Chromobacterium,- with 
the strain of Bergonzini as the type species, it has become 
the most widely used name. However, the situation remained 
confused, since many workers included various organisms 
other than the purple pigmented types in the genus 
Chr omoba ct er ium. For example Topley & Wilson (1929) 
included red chromogens of the "Bacillus prodigiosus group" 
(now known as Serratia spp.) and various yellow chromogens 
in this genus. In fact, as late as 1966, Wilson & Miles 
retained a yellow chromogen as Chr omoba ct er ium typhi-flavum.
Cruess-Callaghan & Gorman (1935) recognised three 
species, all of which were purple pigmented, and called 
them Bacterium violaceum, B .ja nthinum and B .membranaceum 
amethystinum. Although B .janthinum approximates to the 
currently accepted mesophilic species Chromobacterium 
violaceum, and B .membranaceum amethyst inum with the 
psychrophil C.lividum, their B.violaceum appears to have 
comprised members of both groups. Their scheme was 
adopted in the 5th and 6th editions of Bergey*s Manual.
Due to this confused situation most subsequent workers 
resorted to naming the purple pigment producers, whether 
mesophilic or psychrophilic, as Chr omoba ct er ium violaceum.
The relationship between this and other genera has 
also been subject to various opinions. Buchanan (1918) 
placed the genus in the subtribe Bacteriinae, of the tribe
Bacteriaceae, while Winslow et al. (1920) chose the tribe 
Chromobactereae, in the family Bacteriaceae. In the 1st 
Edition, of Bergey's Manual (Bergey et al., 1923) the latter 
system was adopted, except that the tribe was expanded to 
include Flavobacterium and Pseudomonas, in addition to 
Chr omoba ct er ium and Eryt.hr obacillus (now Serratia).
Conn (1938) and Conn et al. (1947) placed the genus in 
the family Rhizobiaceae since they considered that it 
resembled Rhizobium in a number of respect's, including 
flagellation. However, Leif son (1956a) and Sneath (1956c) 
showed that the flagella of chromobacteria were of a distinct 
type.
Gilman (1953) made an appraisal of the genus on the 
basis of pigment production and recommended that C.viscosum 
and C .iodinum should be transferred to the genus Pseudomonas. 
He also found C.chocolatum and C.orangium did not produce 
the pigment violacein and should clearly be removed from 
the genus.
Recent Work 
2A Taxonomy:
Various exhaustive studies have been carried out on 
the genus. (Hans & Bicknell, 1953; Eltinge, 1956; Leifson, 
1956 a&b; Sneath, 1956 a,b&c).
Leifson (1956 a&b) divided the genus into three taxa on 
the basis of the following scheme:-
I No growth at 37°C. Oxidative metabolism of carbo­
hydrates. Acid from glucose, fructose, mannose,
arabinose, xylose, maltose, mannitol and sorbitol. 
Sucrose variable. Lactose, salicin and dulcitol 
negative. Nitrite produced from nitrate. Utilisation 
of citrate positive. Gelatin liquifaction weak or 
negative. Indole and urea negative.
1. Chromobacterium violaceum (Schroeter) Bergonzini
II Growth at 37°C.
A. Fermentative metabolism of carbohydrates. Acid 
without gas from glucose, fructose, mannose and 
inulin. Sucrose variable. Arabinose, xylose, 
maltose, mannitol, sorbitol, lactose, sQCLicin and 
dulcitol negative. Nitrate reduced to nitrite or 
negative. Gelatin liquified. Citrate utilisation 
variable. Indole and urea negative.
2. Chr omobact er ium manilae Leifson.
B. Oxidative metabolism of carbohydrates. Acid from 
glucose and fructose. Mannose, arabinose, xylose, 
lactose, sucrose, maltose, inulin, mannitol, 
sorbitol, salicin and dulcitol negative. Nitrate 
reduced to nitrite. Gelatin liquified. Citrate 
negative or slowly metabolised. Indole and urea 
negative.
3. Chromobacterium laurentium Leifson.
Eltinge (1956) divided the genus into two species, with 
subspecies, and defined it as containing those organisms 
producing the purple pigment violacein. She proposed the 
following scheme (on the basis of the Type Species being a 
psychrophil)
I Nitrate reduced completely with or without the 
production of visible gas. Oxidise glucose and 
maltose and usually xylose and arabinose. May 
oxidise sucrose. Gelatin slowly liquified.
Usually good growth at 4°C with no growth at 37°C.
1. Chromobacterium violaceum (Schroeter) Bergonzini.
A. Strains which grow at 4°C but not at 37°C.
Oxidise glucose and maltose and usually xylose and 
arabinose. May oxidise sucrose.
la. Subspecies (var.) violaceum var. nov.
B. Strains which grow at 37°C but not at 4°C.
Oxidise glucose and maltose andoccasionally fructose, 
lb. Subspecies (var.) mesophilum var. nov.
II Nitrate reduced to nitrite or not at all. Oxidise 
glucose, frequently fructose and occasionally 
sucrose. May ferment glucose, sucrose, fructose 
and arabinose. All grow well at 37°C, many at 40°C
and a few at 42°C. No growth at 4°C. Gelatin
rapidly liquified.
2. C.janthinum (Zopf) Holland.
A. Strains which ferment glucose and sucrose, frequent­
ly fructose and occasionally arabinose. Oxidise 
glucose, frequently fructose and occasionally 
sucrose. May or may not reduce nitrate to nitrite. 
2a. Strains which reduce nitrate to nitrite 
Subspecies (var.) janthinum var. nov.
2b. Strains which do not reduce nitrate0 
Subspecies (var.) anitratum var. nov.
Bo Strains which oxidise glucose and usually fructose 
but do not ferment carbohydrates*, Nitrates 
reduced to nitrites.
2c. Subspecies (var.) purpureum var. nov.
In the event of the type species being a mesophil 
Eltinge proposed an alternative scheme:-
Species 1 Chr omobact er ium lividum (Eisenburg, 1891) Holland
(1920)
Subspecies la C.lividum var. lividum var. nov.
" lb C.lividum var. mesophilum var. nov•
Species 2 Chromobacter ium violaceum Bergonzini (1880) 
Subspecies 2a C.violaceum var. violaceum var. nov.
11 2b C.violaceum var. anitratum var • nov •
M 2c C.violaceum var. purpureum var. nov.
The scheme proposed by Sneath (1956 a,b&c) recognised 
two species and is given below:-
I Strains which grow at 4°C, but not at 37°C.
Size large, lipid scanty, proteolysis slight, haemolysis 
slight, anaerobic growth scanty or absent, citrate 
utilised rapidly, HCN not detected, egg yolk reaction 
negative, oxidises glucose, does not break down trehalose, 
hydrolyses aesculin.
1. Chromobacterium lividum (Eisenburg, 1891) Holland 
(1920)
II Strains which grow well at 37°C but not at 4°C. Size 
small, lipid usually abundant, proteolysis marked, 
haemolysis marked, anaerobic growth usually good,
utilise citrate slowly, HCN produced, egg yolk reaction 
positive, acid from trehalose, aesculin not hydrolysed, 
attack on glucose usually fermentative.
2. Chromobact er ium violaceum Bergonzini (1880)
Eltinge (1957) reviewed these three schemes and 
concluded that division on the basis of either temperature 
or nitrate reduction was not satisfactory. Morris (1954) 
also regarded division on temperature as "hardly justified" 
and proposed one species, Chromobact er ium violaceum.
However, the system proposed by Sneath (1956 a,b&c) was 
accepted by the Judicial Commission (1958) and this, along 
with his detailed review (Sneath, 1960) has served to 
remove much of the confusion which had, hitherto, accompanied 
the genus. As he pointed out, because of this confusion of 
taxonomy, many of the purple pigmented organisms referred to 
in the literature are of uncertain identity.
The taxonomic relationships of both the genus and 
species of Chromobacterium are still a mystery, and opinions 
are in conflict. In the 7th Edition of Bergey’s Manual the 
genus was included in the Rhizobiaceae, with Rhizobium and 
Agrobact er ium. On the basis of DNA homology, Heberlein et 
al. (1967) concluded that C.violaceum showed no closer an 
affinity to Rhizobium and Agrobacterium than did Pseudomonas, 
Azotomonas and Acetobacter, and should be removed from the 
group. By similar techniques De Ley (1964a) found C.violaceum 
to be nearer to Pseudomonas than Rhizobium. Graham (1964) 
and Moffet & Colwell (1968) made Adansonian analyses of the 
Rhizobiaceae and also recommended removal of Chromobacterium. 
Bernaerts & De Ley (1971) came to the same conclusion, on the
basis of certain biochemical properties. Accordingly, in 
the 8th Edition of Bergey*s Manual (Sneath, 1974)
Chromobacterium has been deposited with •Genera of Uncertain 
Affiliation*.
The two currently recognised species have been shown to 
be widely separated taximetrically (Sneath, 1957; Snell, 1972). 
These results are confirmed by measurements of (G&C) ratios 
(De Ley, 1964 b; De Ley & van Muylem, 1963; De Ley et al.,
1966) and it has been suggested that the C 0violaceum and 
C.lividum should be placed in separate genera (Moffet & 
Colwell, 1968) Sneath (1960, 1974) has pointed out that 
there are few serological cross-reactions between the two 
species, although intraspecific cross-reactions are usually 
strong. A numerical taxonomic study by Snell & Lapage (1973) 
showed that there was a higher similarity index between 
C.violaceum and some strains of other genera, such as 
Neisseria, Acinetobactor, Moraxella and Pseudomonas, than 
between C.violaceum and C.lividum.
All these findings tend to reinforce the view that the
genus Chromobacterium is not a natural taxon, although the
two species do share certain properties, such as the
production of violacein, peroxide sensitivity and an
unusual flagellar arrangement.
2B Marine * chromobacteria1:
Sneath (1960) did much to clarify the taxonomic 
nomenclature of the genus Chr omoba ct e r ium. But since the 
publication of his review, there have been various claims of 
new and distinct types of chromobacteria, all of which have 
been marine isolates.
These strains are discussed separately because no 
official decisions have been made concerning their inclusion 
in the genus.
In 1940, Elazari-Volcani isolated a Gram negative, 
halotolerant, peritrichous flagellated, psychrophilic, rod­
shaped bacterium, from the Dead Sea, which produced a 
purple pigment, and which he named Chromoba ct er ium maris- 
mortui. Later isolates of this organism were noted by Breed, 
Murray & Hitchens (1948) and Breed let al.' (1957). In his 
review, Sneath (1960) pointed out that the taxonomic position 
of this organism was uncertain, as little work had been done 
on the nature of its pigment. Kriss, et al. (1967) described 
this organism as a ‘purple chromogen*. Although Skerman 
(1967) defined it as a“ halophilic violacein producer*',
Sneath (1974) stated that, "as it does not produce violacein 
or show the characteristic flageila arrangement", it will 
be omitted from the genus, and its taxonomic position 
remains uncertain.
Hamilton & Austin (1967) isolated a marine organism 
which, after further study, they decided to include in the 
genus as Chromobacterium marinum. They showed that this, 
and another strain supplied by Zobell, produced violacein, 
showed the "Catalase Effect" and contained 1 or 2 polar or 
subpolar flageila. The authors regarded their strain as 
being biochemically distinct from the two accepted taxa and 
suggested a new specific epithet. Sneath (1974) still 
considered this strain as having uncertain taxonomic 
position.
Further isolates of purple pigmented bacteria from sea
water have been described by Denis & Brisou (1970),
Gauthier (1969, 1970, 1972) and Andersen et al. (1974).
The second author, at first, considered his violacein produc­
ing isolates to be "incontestably" members of the genus 
Chr omobacter ium and very similar to C cmarinum (Hamilton & 
Austin, 1967). More recent studies have led to increased 
caution. Gauthier’s strains have been shown to always 
produce polar, monotrichous flageila and have a (G&C) ratio 
of 42%; much lower than that' of the accepted species of 
Chromobacterium (65 - 72%) (Gauthier et al0, 1975). He now 
suggests that production of violacein is not sufficient 
reason for including his strains in the genus Chromobacterium, 
pointing out that production of an identical pigment by two 
different organisms does not necessarily imply a close 
phylogenetic relationship. It has already been stated by 
Sneath (1960, 1974) that the genus Chromobacterium is not a 
natural group. For utilitarian purposes, members of the 
genus are defined by their production of violacein and 
sensitivity to peroxides (Sneath, 1966), these characteristics 
being practically the only generalisation that can be made. 
Examples of polar, monotrichous flagellated strains of 
C.lividum and C.violaceum are not uncommon (Leifson, 1956 a, 
b) (See - Flageila, page 11 ), and lateral flageila may not 
appear under certain cultural and environmental conditions 
(Sneath, I960). To state that these violacein producing 
organisms (Gauthier et al., 1975) are not to be included in 
the genus Chromobacterium is to invalidate the existence of 
the genus.
Current Definition (and some characteristics)
3A Definition of the genus:
The generally accepted scheme of classification of the 
genus Chromobacterium has been described in great detail in 
Sneath’s Review (1960) and later (Sneath, 1966, 1974). He 
gave the following definition of the genus
Composed of Gram negative, aerobic bacilli which 
grow on usual peptone media, are motile and have 
"unusual flageila morphology". All produce the 
purple pigment violacein and are highly sensitive 
to peroxides (Catalase Effect).
3B Flageila:
Chromobacteria are usually motile although a few non- 
motile forms, such as the strain of Martin(1931), are 
recorded. There has been much controversy concerning 
flageila morphology, but the matter was made clearer when 
Leifson (1956 a&b) and Sneath (1956 c) reported that strains 
generally possessed both a single polar flagellum, and 
lateral flageila, which are distinguished by shape, length, 
curvature and ease of staining. Leifson found that the 
average wavelength of polar flageila was about 2.2jxm and 
of 0.54^xm amplitude, while lateral flageila had a wavelength 
of 1.3y*m and 0.45 yxm amplitude. Sneath (1960) noted that 
polar flageila were 2 to 4 jam long, showing only 1 or 2 
complete phases of about 2 jxm wavelength and 0.38 Jim 
amplitude, being more difficult to stain and weaker staining 
than the lateral type. These were from 3 to lO ^ wn long, 
showing many complete phases with a wavelength of about 
1.25 p  and 0.4 urn amplitude, and staining easily and deeply
(see Fig. 1). He also found them to be antigenically
Fig . 1
Diagram of the difference between polar and lateral 
(peritrichous) flageila of Chromobacterium sp., as seen in 
stained preparations (after Sneath, 1960).
Leifson and Sneath both noted some slight differences 
between the flagellation of the species and also recorded 
strains which only possessed polar flageila. The presence 
and number of lateral flageila are subject to environmental 
conditions, being most numerous when cultured on solid media 
(Sneath, I960). Sneath also pointed out that it is widely 
considered that bacteria have either polar or peritrichous 
flageila and that this is used as an important factor in 
some classification schemes# However, as noted by Leifson 
& Hugh (1953) Houwink & vc(n Iterson (1950) and De Ley 
(1964 a), other bacteria besides chromobacteria possess 
both types of flageila. There are many instances of 
organisms which would be classified as Eubacteriales on all 
characteristics except for the possession of polar flageila,
which indicates their inclusion in the Pseudomonadales 
(Crawford, 1955; Sreenivason & Venkatoramon, 1956).
Lehmann & Neumann.(1899) pointed out that since strains of 
Chromobact er ium have been observed with both lateral and 
polar flageila, while others have been noted with only one 
type, use of this characteristic is of doubtful taxonomic 
value. Golten, De Boer & Scheffers (1974) described a 
marine vibrio which also possessed both types of flageila. 
They considered that in nature, polar flageila are used for 
motility, while the lateral type are mainly used for 
attachment to substrata.
3C Violacein:
This purple pigment has the empirical formula 
^20^13°3^3 and a molecular weight of 343.33 (Ballentine et 
al., 1958). It is an indole pigment (Laskin & Lechevalier, 
1973).
H.
Fig. 2
VIOLACEIN (after Ballantine et al., 1958)
It is soluble in ethanol and insoluble in water and 
chloroform, with an adsorption maximum of 580 nm. and 
minimum of '430 nm. On addition of 10% sulphuric acid the 
solution becomes green (adsorption maximum at 700 nm).. If
caustic soda is added the solution also turns green but 
rapidly becomes red-brown and decomposes.
A yellow pigment has also been noted (Martin, 1931; 
Corpe, 1953; Bettelheim, Gordon & Taylor, 1968) and is 
visible in a few pale strains.
3D "The Catalase Effect":
This phenomenon was observed in Pasteurella (Yersinia) 
pestis (Herbert, 1949) in which small (and single-celled) 
inocula would not grow on nutritionally complete media.
The author considered it to be due to traces of peroxide in 
the media. It has also been observed in Pasteurella septica 
(Jordon, 1952), Shigella dysenteriae (Proom et al., 1950), 
Haemophilus pertussis (Mazloum & Rowley, 1955), Mycobacterium 
tuberculosis (Barry et al., 1956), Bacillus sp. and 
Chr omoba ct er ium spp. (Taylor, 1957) and Chromobacterium and 
a diphtheroid (Sneath, 1955). It has since become a well 
known property of both species of chromobacteria (Sneath, 
1960, 1966).
Sneath (1955, 1960) and Barry et al. (1956) also 
considered the inhibition to be due to peroxides in the 
medium. It has been demonstrated that the heat of auto- 
claving causes formation of peroxides in laboratory media, 
(Proom et al., 1950) and also when citrate or reducing sugars 
are heated with traces of manganese (Barry et al., 1956).
The catalase effect was prevented by addition of manganese 
dioxide, starch, haematin, blood or Fildes* extract to the 
media, by separate sterilisation of broth and agar, or by 
storage of media for 14 to 21 days.
Taylor (1957), on the other hand, considered sensitivity 
to the redox potential of the medium as the cause. Sneath
(1960) felt that the phenomenon could not be explained by 
lack of catalase since chromobacteria, Pasteurella spp and 
Bacillus spp are catalase positive, while many streptococci, 
which are catalase negative, are very tolerant to peroxides. 
Hamilton & Austin (1967), however, found that addition of 
catalase to the media abolished inhibition of small inocula 
of Coinarinum.
Gauthier et al. (1975) claimed that the ’catalase 
effect’-like phenomenon observed in their violacein producing 
marine isolates, (See Marine chromobacteria, page 8 ), was 
caused by self-inhibitary antibacterial products, which were 
neutralised by catalase* He did not regard it as a 
characteristic of the chromobacteria. However, Sneath and 
many other workers regard the property as an important factor 
in the definition of the genus.
3E Size and Shape:
The majority of workers agree that chromobacteria are 
rods measuring 0.5 to 1 fkm broad and 1 to 5 ^ m  long, although 
a few long forms of up to 15 yxm in length have been recorded 
(Ba\mpton, 1913). Sneath (1960) considered that mesophils 
(C.violaceum) were generally smaller than psychrophilic 
strains (C.lividum). The rods may be slightly curved and 
usually have rounded ends. They occur singly, or less 
often, in short chains and some strains have a tendancy to 
be pleomorphic.
3F Extracellular Polysaccharide Production:
Some strains, particularly from soil, and known as
gelatinous psychrophils, produce an extracellular gummy 
k
polysaccjaride (Corpe, 1958). On hydrolysis it yields
glucose, a methylpentose and a hexosamine in the ratios 
7:1:1. Two amino acids are present, one of which is 
aspartic acid and the other has not been identified.
3G Definition of Species:
Sneath (1966, 1974) stated that the genus contains two 
well defined species (C.lividum and C.violaceum), although 
the genus was probably not a natural group. Nevertheless 
they have a number of properties in common. In practice, 
recognition is dependant on the presence of pigment, and 
when too faint the organisms may resemble aeromonads or 
vibrios, Agrobacterium or Pseudomonas. The species are 
defined as follows
Chromobacterium violaceum Chromobacterium lividum
Mesophilic, strongly Psychrophilic, weakly or
proteolytic, facultative non-proteolytic, strict
aerobes, usually aerobes attacking many
fermentative on a few carbohydrates oxidatively,
carbohydrates.
Table 1
Differential features for species of Chromobacterium 
(Sneath, 1966)
Diagnostic Test C.violaceum C.lividum
Growth at 37° C in 7 days Abundant None or very slig
Growth at 4°C in 7 days None Moderate
Casein hydrolysis Positive (clear zone) Negative or sligh
HCN production Positive Negative
Aesculin hydrolysis Negative Positive
Trehalose (4 days) Acid (prompt) Nochangeor alkali
Arabinose (7 days) lb change or alkali Acid (often slow)
Occurrence
4A General (Diversity of occurence):
Chromobacteria are world wide in distribution and have 
been isolated from diverse sources, the richest of which 
appear to be soil and freshwater. According to Sneath (1960), 
strains isolated from the tropics tend to be mesophilic, and 
those from temperate zones psychrophilic. Morris (1954), 
however, isolated both mesophils and psychrophils from 
Trinidad soil and water. She stated that chromobacteria 
were much more numerous in the tropics than in temperate 
zones; but the numbers she noted in her soils were markedly 
lower than those recorded by other workers studying temperate 
soils. (This will be discussed in further detail later).
References to their isolation from freshwater are 
numerous, but due to earlier confusion in taxonomy, it is 
often uncertain whether isolates were mesophils or psychrophils.
References to chromobacteria from seawater are 
relatively few. Many such records are apparently of bacteria 
producing pigments other than violacein (Zobell, 1946; 
Elazari-Volcani, 1940; Kriss, 1963; Kriss et al., 1967) 0 
More recent literature concerning violacein producing strains 
has appeared, but some controversy has developed over their 
taxonomy (See Marine 1 chromobacteria1, page 8 ).
They are halotolerant or halophilic. Gauthier et al. 
(1975), who isolated strains from reasonably unpolluted 
water off Nice, and from the surface of immersed substrates, 
noted a seasonal variation in occurence, with maximum 
numbers in September and October.
Records of chromobacteria are common in dairy micro­
biology literature.. Reilly & Pyne (1927) studied a strain 
from milk; and Artault (1893) and Zorkendorfer (1893) 
isolated them, from eggs. Butter has also been a source 
( Deshusses& Novel, 1939) and Pigulevskii & Kharik (1928) 
also isolated strains from rancid butter. Although 
psychrophils (C .lividum) have often been isolated from dairy 
products and equipment (Witter, 1961), from milk and cream 
(Thomas, Hobson & Bird, 1959; Seitz, Elliker & Sandine, 1961) 
chilled beef (Empey & Scott, 1939), chilled poultry (Cox, 
1975), and butterwashing water (Morgan, 1930), mesophils 
(C 0violaceum) were isolated by Minett (1913) from milk in 
British Guiana (Guyana). They were also isolated from 
Egyptian pickles by Ghanem & Hassan (1970).
Other sources of chromobacteria include hailstones 
(Bujwid, 1887, 1888), melting glacial snow (Schmelck, 1888), 
from air or dust (de Lagerheim, 1891; Germano, 1892), 
bread (Matruchot, 1900), sewage effluent (Jordan, 1890), 
from water sand filters (Boyce & Hill, 1900) and rotting 
coconut (Corpe, 1954). Thomas & Thomas (1947) found that 
they composed up to 6% of the bacterial flora of farm 
effluent, and they were also isolated as a minor component 
of the nutrient solution in soilless growing of vegetable 
crops (Tirranen & Rerberg, 1971).
Chromobacteria have been isolated from a number of 
living sources (in an apparently non-pathogenic role). 
Kisitani & Sumiyosi (1939) found them in the gills and 
crystalline style of the freshwater Venus Mussel (Meretrix 
meretrix), while Bell, Hoskins & Hodgkiss (1972) recorded
them from the surface of stream incubated Pacific Salmon 
eggs. It is likely that these and many other occurrences 
were as a result of contamination by soil or water-borne 
chromobacteria o
Bettelheim et al. (1968) isolated strains of C.lividum, 
in pure culture, from germinating seeds and leaf nodules of 
some members of the Myrsinaceae and Rubiaceae. Their findings 
were verified by the work of Horner & Lersten (1972), and 
were thought to carry out nitrogen fixation.
Chromobacteria have been recorded as causing purple 
discolouration of wool (Seddon, 1937; Fraser & Mulcock,
1956).
There are numerous other records of isolates referred 
to as "Chromobact er ium spp" from diverse sources, but these 
have not been included as it is unknown whether they are 
true purple pigmented members of the genus; and are likely to 
be yellow, orange or red chromogenic forms formerly 
included in the genus.
4B Chromobacteria as Pathogens:
They are not known as pathogens of insects (Steinhaus, 
1941, 1946) or plants (Elliot, 1951), other than a single 
record from a wound infection in the fungus Tricholoma 
saponaceum, cited by Sneath (1960).
Strains of Chr omoba ct er ium have often been recorded as 
causing infections in mammals, which are usually fatal. 
Attempts at experimental infection of laboratory animals 
with psychrophils have been unsuccessful (Ward, 1897., 1898; 
Fuller & Johnson, 1899). Bampton (1913) found psychrophils 
to be non-toxic and non-virulent when injected into mice,
rats, cavies and dogs. This is probably because psychro- 
philic strains cannot grow at 37°C, the body temperature 
of most mammals* On the other hand, laboratory infections 
have been produced by mesophils in many mammalian species, 
although some variations in resistance according to species 
was noted, Sneath & Buckland (1959) and.Nunnally (1969) 
noted that natural infections were caused by C,violaceum 
(the mesophil), Joseph et al, (1971) and Johnson et al. 
(1971) observed that infections only occur in tropical and 
subtropical areas, which is also the natural distribution 
of mesophilic strains, in soil and water.
It is likely that infections in man and animals are 
caused by contamination or ingestion of water borne chromo­
bacteria, Records are more frequent in animals which have 
a love for mud etc,, such as swine (Sippel, Medina &
Atwood, 1954; Laws & Hill, 1958 & 1964; Wijewanta & 
Wettimuny, 1969), wild boar (Broudin, 1922) and water 
buffalo (Wooley, 1904), Joseph et al, (1971) stated, "It 
is difficult to explain why natural infections with 
C.violaceum in tropical and equatorial areas are rare in 
spite of the ubiquitous nature of the organism,” They 
considered gibbons to be a particularly susceptible species 
which may have been due to a lack of continual low grade 
exposure to the organism, due to their arboreal habit. 
However, when they are caged or confined, exposure to soil 
and chromobacteria is high,
Sippel et al. (1954) studied fatal "Chromobacteriosis"
in swine, in Georgia (U.S.A.), They considered that 
infection occurred via the oral route and noted that the
disease was/not passed from pig to pig. They isolated 
similar strains of C.violaceum from the pond supplying water 
to the pigs,-and were occasionally able to artificially 
.infect pigs through contaminated drinking water. Groves et 
al. (1969) recorded nine deaths in Malayan gibbons 
(Hylobates spp) and one in a Malayan Sun-bear (Helarctos 
malayanus) in the National Zoo, Kuala Lumpur. They also 
isolated C.violaceum from the animal’s water supply and 
from the soil of Gibbon Island. In at least four cases 
infection was via cuts, abrasions and possibly oral wounds. 
They often isolated strains from hamsters inoculated with 
samples of surface waters and soil during a survey of the 
distribution of Pseudomonas pseudomallei, in Malaysia.
Similar infections have been recorded in a gibbon (Johnsen et
al., 1970) , in monkeys (Audebaud et al.., 1954; Sneath, 1960)
and cattle (Floch &deLa judie, 1943).
Trust & Bartlett (1974) noted "the occurrence of 
potential pathogens" when they isolated chromobacteria from 
four different samples of goldfish water and two samples of 
tropical aquarium water.
The situation is similar in human infections. Many of 
the human infections recorded have been associated with the 
occurrence of C.violaceum in soil and water, and have all 
occurred in hotter climates (Black & Shahan, 1938; Ognibene 
and Thomas, 1970; Johnson et al., 1971). Many such soil and 
water isolates have been shown to be virulent (Minett, 1913; 
Broudin, 1922; Lesslar, 1927; Sippel et al., 1954; Sneath et 
al., 1953) and virulent strains are not distinct serological­
ly (Joubert & Nguyeiv.Van-Liem, 1957) or in other properties
(Sneath, 1960). Laskin & Lechevalier (1973) described
C.violaceum as an "opportunistic pathogen".
Clinically the disease is variable. Sneath et al.
(1953) recorded cases of mild diarrhoea and subsequent 
recovery, although most cases in man and animals have been 
fatal. Death may occur from a few days to over a year after 
infection (Johnson et al., 1971). Abcesses of many different 
sites have been recorded (Soule, 1939; Sneath, 1956; Wilson 
& Miles, 1966) and often result in septicaemia. However, 
septicaemia is often the primary lesion and is rapidly 
fatal (Darrasse et al., 1955; Nunnally & Dunlop, 1968).
Infections by Chromobacterium violaceum in humans are 
uncommon (Dauphinais & Robben, 1968), although it is likely 
that many cases do not appear in the literature, due to 
false diagnosis, and latent cases- may remain undiagnosed 
(Ognibene & Thomas, 1970).
Treatment is usually too late, although the condition 
responds well to tetracyclines, if applied sufficiently 
early. Pathogenic isolates are also highly sensitive to 
streptomycin and trimethoprim (Hans & Bicknell, 1953;
Hunter, 1970). However, successful treatment of systemjfic 
chromobacteriosis, in a 17 year old girl, was reported by 
Victorica, Baer & Ayoub (1974).
Several workers have noted similarities in the 
epidemiology of chromobacteriosis and melioidosis (a cond­
ition caused by the unrelated Pseudomonas pseudomallei) 
(Darrasse et al., 1955; Groves et alo, 1969; Johnsen et al., 
1970). Both organisms are common soil saprophytes, causing 
an uncommon, mainly septicaemic disease, and both cause
epizootic disease in swine.
Strains of chromobacteria produce varying amounts of 
an endotoxin. (Sneath, 1960; Watson & Kim, 1963; Urbaschek,
1967) which has a low potency, and an exotbxin has also 
been demonstrated (Schattenburg, 1940; Darrasse et al., 
1955). Dodd (1941) found a very toxic principle produced by 
virulent strains grown in 25% carbon dioxide, which may have 
been a haemolysin. Most mesophils are haemolytic on blood 
agar (Sneath, I960). The mechanism by which C.violaceum 
causes disease has not, evidently, been determined.
4C Soil:
It is probable that many of the more curious sources 
of chromobacteria can be explained in terms of contamination 
from soil or water.
Strains of Chromobacterium have been isolated 
regularly from soil. Mace (1888, 1889) found them in soil 
at depths of 2 and 3.2 metres. Corpe (1951.) found that 90% 
of soil samples he tested contained chromobacteria in 
numbers ranging from 100 to 10,000 per gramme of soil.
Morris (1954) isolated strains from 52 out of 120 samples 
taken from Trinidad and, despite the fact that the number 
of samples yielding chromobacteria was somewhat less, she 
considered that they were seen "much more frequently than 
they would be met with in soils and waters from temperate 
climates."
Sneath (1960) observed that isolates from temperate 
soils were psychrophils (C.lividum), and tropical and sub­
tropical strains are usually mesophilic (C.violaceum)
(Groves et al., 1969; Johnson et al., 1971), although Morris
(1954) found both types in';tropical soils. Both mesophilic 
and psychrophilic strains were isolated from humic layers 
of certain Alberta soils (Christensen & Cook, 1970) and 
the range of both species was 4000 to 182,000 per gramme 
of oven-dry soil. Skyring & Quadling (1969) isolated 
psychrophils from Canadian soils.
Corpe (1951) carried out a semi-quantitative study of 
chromobacteria in soil and freshwater, from which he 
concluded that soil was the natural habitat of at least 
some strains. He failed to isolate them from the water 
samples studied. From a comparative study of rhizosphere 
and non-rhizosphere soils, Holding (1960) obtained results 
which indicated that chromobacteria in soil are not 
specifically or preferentially rhizosphere organisms.
Hussain & Vancura (1970) isolated C.violaceum from rhizo­
sphere soil. Dudchenko etal (1973) recorded them as more numer­
ous in crop rhizosphere than in perennial grass rhizosphere.
The ecology of-chromobacteria in soil is little under­
stood. Stout (1961a) described the distribution of
C .1ividum in New Zealand soils as very perplexing. He 
found that they occurred irregularly and never in high 
numbers in grassland soils, forest litter and other soils 
(Stout 1960, 1961b, 1962, 1971a & b) and felt that they 
were not apparently associated with any particular ecological 
situation. Morris (1954) found chromobacteria to be more 
numerous in moist organic soils and few in low humus clay 
soils. Christensen & Cook (1970) thought that the large 
numbers of chromobacteria in humified layers of Alberta 
Muskeg indicated that they required simple proteins and
carbohydrates produced only after the peat material has 
undergone previous microbial decomposition. They felt 
that the simple nutritional requirements of chromobacteria 
was borne out by the fact that they grow well on laboratory 
tryptone. Certainly, it is known that they are incapable 
of hydrolysing complex plant polysaccharides such as 
pectin (Holding, 1960) and cellulose (Sneath, 1960).
Jensen (1963) occasionally isolated chromobacteria from 
Danish beech mull soils, but not from the totally organic 
beech mor soils.
4D Fresh Water:
Fresh water is a common source of strains of 
Chromobacterium and they occur in both still and flowing 
waters. Chromobacteria have been isolated from a miiieral 
spring (Sneath, 1960), a 66ft. artesion well and mains 
water supplies (Rice, 1938; Ognibene & Thomas, 1970), a 
farm pond and other surface waters (Sippel et al*, 1954; 
Groves et al., 1969).
Buffle & Pongratz (1950) recorded chromobacteria 
accompanied by Pseudomonas fluorescens in a bacterial 
zoogloea in Lake Geneva. Collins (1963) observed that 
Chromobacterium, along with Pseudomonas, Achromobacter, 
Alcaligenes, Flavobacterium and some micrococci formed 
the main genera in the plankton of lake water.
The question of whether chromobacteria are part of 
the resident flora of freshwater, or are introduced from 
soil has caused some controversy.
Based on a study of a chalk stream, Gray (1951) 
considered that C.lividum, as well as species of"Bacterium" , 
Pseudomonas, Flavobacterium and perhaps Micrococcus were 
part of the natural river flora and not derived from 
external sources, namely soil# It should be noted, however, 
that he only isolated chromobacteria for two months (during 
one winter) out of a three year study#
Corpe (1954) made comparisons between soil and water 
strains of Chromobacterium, and concluded that they were 
distinct populations, since water strains were less commonly 
gelatinous and were less active denitrifiers# He considered 
freshwater to be the natural environment of at least some 
strains.
Calderini (1925), on the other hand, claimed that since 
they were common in soil and most numerous in water after 
heavy rainfall, their presence in water was an index of 
soil contamination. This view was supported by Rice (1938). 
In 1931, 1934 and 1938 he carried out bacterial counts of 
a river and its tributaries. He counted a total of 62,000 
colonies in these years, of which 8 were chromobacteria#
In 1931 no chromobacteria were found, in 1934 he noted one 
colony and in 1938 he counted seven colonies of Cllividum#
On the basis of this very small number of colonies he stated 
that the chromobacteria were "definitely on the increase" 
and he attributed this to the fact that a forest road was 
under construction, in the watershed, in the second and 
third years of sampling.
Although the conclusions of Calderini and Rice seem to 
be based on statistically doubtful data, Collins (1963) has
also indicated that rainfall is probably an important factor 
in determining the composition of the freshwater microflora. 
She noted that a rise in the winter count of lake bacteria 
could be related to an increase rainfall level and therefore 
a greater amount of water draining from the soil. Fred et 
al. (1924) noted a considerable number of bacteria carried 
from the soil in drainage water after heavy rain, and also 
in ice melt water. Chromobacteria have been isolated from 
melting glacial snow (Schmelch, 1888), from a pool of rain 
water (Black & Shahan, 1938) and from muddy water (Nunnally 
& Dunlop, 1968). Taylor (1940) found a statistical correl­
ation between bacterial count and rainfall in lakes of the 
Lake District and that these two were directly related, at 
least in winter. Certainly Gray (1951) only isolated 
chromobacteria in the winter, and this was also the case 
with Ward (1898) when studying bacteria in the River Thames.
Sneath (1960) felt that soil, and perhaps water, are 
the natural environment of chromobacteria, although they 
may not be true members of the natural freshwater flora, 
but simply survive longer than most other soil organisms.
The significance of strains of Chromobacterium in 
water is uncertain and a variety of claims have been made. 
They have been considered as indicators of soil pollution 
(Calderini, 1925* Rice, 1938), putrefying organic matter 
(Buttiaux, 1951) and faecal pollution of drinking water 
(Imbeaux, 1897; Breville, 1897)0 Gray (1951) regarded them 
as characteristic of cold water, since he only isolated 
them from winter river water (6°C and below). Miquel (1891) 
found that they died out rapidly at 0°C> and Efthimion and
Corpe (1969) found the survival of C eviolaceum to be 
'variable at low temperatures.
Role in Nature
It is generally considered that C aviolaceum is a 
soil/water saprophyte which, having the ability to grow at 
37°C, may on rare occasions cause disease, probably via 
fortuitous wound infections from soil and water*, Such 
infections are found only where the raesophil is found, 
namely in the tropics and sub-tropics (Johnson et al*,
1971) and the disease does not appear to be contagious 
(Sippel et al*, 1954). Epidemiologically, C 0violaceum, 
causative agent of Chromobacteriosis, is very similar to 
Pseudomonas pseudomallei which causes Melioidosis (Johnsen 
et al., 1970). Chromobacteria as pathogens is discussed • 
in detail on page 19 *
A few likely examples of symbiosis between chromo­
bacteria and plants have appeared in the literature* 
Bettelheim et al. (1969) isolated and demonstrated sero­
logically, strains of C 0lividum from seeds and leaf nodules 
of Ardisia crispa and Psych£fcria nairobiensis and considered
pT”
these strains to be capable of nitrogen-fixation. This 
view was reinforced by Horner and Lersten (1972) who pointed 
out that chromobacteria could be detected from var5.ous 
aerial structures of nodulated plants by serological 
techniques. They concluded that these bacteria are true 
leaf nodule, nitrogen-fixing bacteria. This ability has 
been previously observed in the possibly related yellow 
chromogens (Gray and Smith, 1950; Anderson, 1955) but not
in chromobacteria/* '
Rodriguez-Pereira et al* (1972) showed that C.lividum 
(a strain isolated by Bettelhiera et al*, 1969) produced 
cytokinins. They concluded that this was a form of 
bacterial symbiosis in Ardisia spp. in which the bacteria 
provide the host plant with these growth factors, which it 
is unable to synthesise itself. Hussain & Vancura (1970) 
found that inoculation of maize seedlings with C.violaceum 
significantly increased the yield of dry plant matter.
Stout (1961 a, 1964) found the chromobacteria were 
often present on the leaves of pasture plants, sometimes 
as a high proportion of the epiphytic flora, but did not 
ascribe any symbiotic significance to their presence.
Psychrophilic chromobacteria isolated from Southern 
Australia were found to stimulate sporangium production by 
Phytophthora cinnamondi. (Zentmyer, 1965). It was considered 
that the variable stimulatory power exhibited by soil 
reflected the irregular occurrence of chromobacteria in 
soil. Strains have been claimed to slow the rate of 
nitrogen-fixation in blue-green algae (Yung, 1967; Sokolova, 
3971).
Chromobacteria have been isolated from various animals 
without any evidence of pathogenesis, and are probably non 
symbiotic also. In arthropods they have been isolated as 
part of the normal intestinal flora of Pan-aeus setiferus 
(white shrimp) (Hood & Meyers, 1974), from the faeces of 
Blatta orientalis (oriental cockroach) (Longfellow, 1913) 
and from the intestine of the larvae of Bibio marci (St. Mark*s 
fly) (Szabo et al., 1969), where they were thought to have
originated from the soil on which the larvae fed.
Bell, Hoskins & Hodgkiss (1972) isolated one strain 
of C,lividum from the egg capsules of Pacific Salmon 
(Oncorrhynchus sp.)two strains from simulated eggs (poly­
ethylene and glass spheres), and also some chromobacteria 
from the stream water in which the eggs were incubated.
They concluded on the basis of only three isolates, that 
the live eggs exerted a selective effect against chromo- 
bacteria. Chromobacteria have also been isolated from the 
freshwater mussel, Meretrix meretrix (Kisitani & Sumiyosi, 
1939).
As already described, chromobacteria are well known as 
soil organisms. Morris (1954) and Christensen & Cook (1970) 
found them to be more numerous in soils rich in humus. The 
latter workers considered that they were only capable of 
utilising simple proteins and carbohydrates released by the 
decomposing activity of other soil saprophytes. Corpe (1954) 
considered that they may be important as denitrifying 
organisms.
An important factor in the survival and competitiveness
of Chromobacterium spp. in nature, may be the presence of
violacein. Various functions have been attributed to this
pigment. De Moss (1967) thought that it may act as a light
protector since it has a large extinction coefficient and
is insoluble in water, and therefore stays with the cell.
Oliver (1902) and Minett (1913) found light to increased
pigmentation, although Sneath (1960) noticed no effect.
Miller & Wilson (1967), on the other hand, observed
inhibition of pigmentation at high intensities of artificial 
white and blue light, and therefore thought that chromo­
bacteria in shallow water, particularly on sunny days, 
would not produce violacein in nature. Ward (1897, 1898) 
noted that the psychrophils were very sensitive to sunlight, 
and even more so to blue light, while Burge & Neill (1915) 
and Berger et al. (1953) found chromobacteria particularly 
sensitive to ultra-violet light. However, in view of the 
findings of Miller & Wilson, it would seem that the 
protective role of violacein suggested by De Moss is unlikely.
Friedheim (1932) found that addition of violacein in 
glycerol, to non pigmented cells of C.violaceum stimulated 
respiratory activity. De Moss (1967) cited claims of 
violacein synthesis serving as a mechanism for mopping up 
excess tryptophan or indole groups, and thus keeping these 
down to a non-toxic level outside the cell.
Matruchot (1898, 1900) observed the violacein was 
absorbed by fungal mycelium. The pigment has antibiotic 
activity against Gram positive bacteria (Lichstein & Van de 
Sand, 1945, 1946) such as Staphylococcus, Streptococcus 
Sarcina. Bacillus and Corynebacterium spp., but not 
Clostridium spp. Although Neisseria spp. are sensitive, 
and Pseudomonas and Serratia spp slightly so, other Gram 
negative organisms are resistant. Although some yeasts are 
sensitive, mycelial fungi do not appear to be inhibited 
(MUse & Pdtsch, 1954).
It has been found that, as in other pigmented bacteria, 
eg. Serratiat Pseudomonas spp., violacein provides some 
protection against protozoan predators. Singh (1941 a&b,
1942 a&b) found that soil amoebae and the flagellate
Cercomonas sp,were discriminative in eating bacteria, 
and he considered that pigmentation gives protection to 
some bacteria. He found that the amoebae and flagellate 
would not consume C.violaceum and died within seven days, 
in their presence. They would, however, slowly consume 
non pigmented strains of the same species, and when extracted 
violacein was added to normally edible bacteria, the amoebae 
would eat none or few, and died or encysted within a few 
days, Singh was unable to demonstrate any exotoxin and 
found the toxic effect of violacein to be greater in large 
amoebae. The death rate of protozoa in suspended purified 
violacein was proportional to the pigment concentration, 
flagellates dying in 5 to 12 hours, ciliates in 1 or 2 
hours, and large amoebae in 4 to 10 hours (Singh, 1945). 
Groscpp & Morgan (1964) studied the effect of C.violaceum and 
other pigmented bacteria on three species of small soil 
amoebae. C.violaceum was toxic to Tetramitus rostrata 
(2 strains) and Naegleria gruberi, but not Hartmanella 
(2 strains); while Serratia and Pseudomonas aeruginosa 
were toxic to all. Extracted violacein was toxic to all 
three species, but the authors felt that Hartmonella could 
develop a tolerance to C.violaceum. C.violaceum and its 
pigment were shown to be lethal, often within minutes, on 
certain ciliates, eg. Colpidium and Colpoda spp. (Kidder 
& Stuart, 1939; Burbanck, 1942). Curds and Vandyke (1966) 
found that C.violaceum was the only species, out of 19 
organisms studied, that actually killed the ciliates, from 
activated sludge, within three hours of ingestion. The 
pigment and bacteria free filtrate were both highly toxic 
to ciliates and inhibited the germination of Vorticella
microstoma cysts. Certainly, chromobacteria like 
Serratia, do not seem to be removed from water by protozoal, 
predation in sand filters (B.Lloyd-PersonnelCommunication). 
Joshi et al. (1974) reported that the bacteriophagous 
nematode, Pelodera chitwoodi, would eat Vibrio spp., but 
rejected Chromobacterium spp.
Although there is no evidence of the pigment being 
toxic to higher life forms, a number of toxic products 
have been discovered from C.violaceum which show activity 
in mammals. These include an endotoxin, exotoxins and 
haemolytic factor (discussed in more detail on page 23 ), 
but it is unknown whether the exotoxin is the same substance 
as described by Singh (1945) and indicated by Curds &
Vandyke (1966), which was toxic to protozoa.
Some marine chromobacteria have been found to produce 
antibiotic substances (Hamilton & Austin, 1967; Gauthier, 
1969, 1970, 1972; Andersen et al., 1974; Gauthier et al., 
1975). Andersen et al. (1974) made a detailed chemical 
study of these products and tested their ability on other 
species. They felt that they may be important in the 
survival and competitiveness of the species, in nature, 
but did find, in agreement with other workers, that two of 
the substances were autotoxic.
Corpe (1960) described an extracellular polysaccharide 
isolated from gelatinous strains of chromobacteria. Further 
work by Martin & Richards (1963) has revealed that this 
material may be important in formation of soil aggregates.
It is highly resistant to bacterial decomposition and 
persists long after the bacterial cells producing it have
died and decomposed. Soil is thought to contain at least 
5 to 20% polysaccharide, mainly of bacterial, but also of. 
plant,, origin (Martin, 1945). They are of primary 
importance in soil aggregate formation (Martin & Richards, 
1969)« Chromobacterium, Azotobacter, Arthrobacter and 
other species are known to produce such polysaccharides 
(Hepper, 1975). Formation of complexes with various metals 
is thought to increase the resistance of the polysaccharides 
to degradation (Martin, Ervin & Shepherd, 1966), but as in 
the case of chromobacterial polysaccharide chemical structure, 
itself, is important. Addition of these substances 
greatly increased the hydraulic conductivity and aggregate 
formation, and decreased bulk density of acid and neutral 
sandy loams.
Media and Isolation Methods
Sneath (1955, 1960) found that isolates of 
Chromobacterium from pathological sources grew adequately 
on ordinary media, but considered blood as more suitable, 
since small inocula of C.violaceum were often inhibited 
by peroxides present in freshly prepared nutrient agar.
Sneath (1960) isolated strains from water on gelatin, 
and also nutrient agar, using spread plates rather than 
pour plates, since colonies growing in the agar were often 
non pigmented due to lack of oxygen. Wilson & Miles (1966) 
also found that pigment was only produced in the presence 
of abundant oxygen. 20 to 25°C was the most suitable 
incubation temperature since both mesophils and psychrophils 
could grow, although Thomas and Thomas (1947) found an 
incubation of 3 to 5°C for four weeks yielded psychrophils
as 6% of the population of f^rm effluent0
However, in the presence of large numbers of other 
organisms conventional media are not of use in the 
isolation of chromobacteria (Sneath, I960).
Some enrichment techniques have been used, the most 
widely employed being that of Corpe (1951). A few 
millilitres of water or grains of soil were placed in a 
petri-dish and the volume was made up to 10 or 25 millilitres 
with sterile water. About fifty grains of sterilised 
polished rice were sprinkled on the water and this was 
incubated at 20 to 25°C for 5 to 10 days. Violet patches 
developed on the rice. These were subcultured on to 
nutrient agar and incubated at room temperature. He made 
this technique semi-quantitative by noting the lowest 
dilution to develop violet patches.
Beijerinck (1916) used a variety of enrichment
i
techniques. He inoculated soil or water onto plates 
containing one or two per cent of dried blood fibrin, three 
percent agar and 0.02% potassium chloride, and this was 
incubated at 25°C. He found that egg-white could be used 
to substitute for fibrin; and used another method based on 
the observation that chromobacteria grew on moist wheat 
gluten. Washed barley grains were kept moist on filter 
paper, the edges of which were dipped in a. bowl of water. 
Purple spots appeared, as on CorpeTs rice grains. Another 
method was to place a piece of bread near a dripping tap, 
so that it was moistened by the splash. Subculture of the 
purple patches, which subsequently appeared on the bread, 
yielded chromobacteria.
Gould, Lynch & Hime (1974) made a comparative 
investigation of various media in the isolation of Chromo- 
bacterium from soil and water. They found Beijerinck’s 
fibrin medium and rice agar (Aaronson, 1970) to be of 
little use, but a rice-grain medium based on that of Corpe 
(1953) was useful for isolating chromobacteria from soil 
and water. They recommended that strains isolated by this 
method were best subcultured onto Sphaerotilus agar 
(Stokes, 1954). They also found spread plates on plate 
count agar (FCA) were useful for isolation of chromobacteria 
from water only.
It was noted by Sneath (1960) that Corpe’s method of 
isolation probably only served to isolate psychrophilic 
strains. However, this and most of the other methods out­
lined were based on starch, as nutrient, and yet a number 
of workers have observed that few chromobacteria, particularly 
psychrophils, are capable of hydrolysing starch (Grimes,
1930; Corpe, 1953; Sneath, 1960).
The latter methods may well select against non starch- 
utilising strains of Chromobacterium (which are numerous) 
as well as against non-chromobacteria, so that only a small 
proportion of the total chromobacteria population could grow. 
Whether this is the case or not, the latter methods cannot 
be applied to a quantitative investigation. There does not 
appear to be any method, described in the literature, which 
could be used to make counts of chromobacteria where they 
are only present in small numbers, or as a low proportion of 
the total bacterial flora, as in the case of freshwater, for
example. Conventional media such as nutrient agar have 
usually been employed in making counts. It is likely 
that the apparent irregular occurrence and low numbers of 
chromobacteria in water, as indicated by such workers as 
Gray (1951) and Rice (1938), is rather due to lack of 
sensitivity of methods of enumeration.
I I DEVELOPMENT OF A SELECTIVE MEDIUM
MATERIALS & METHODS
Organisms 
1A Sources:
Twenty-six strains of Chromobacterium and seventeen 
strains of other bacteria, for comparison, were isolated 
from samples of River Wey water, using conventional solid 
media (eg. \ strength nutrient agar) incubated at 25°C. 
Several isolates from soil were also studied.
One strain of C.lividum (ie. F1308) and one strain of 
C.violaceum (ie. F91), of unknown origin, were obtained 
from the culture collection of the Department of Micro­
biology, University of Surrey. One strain of C.lividum 
and six strains of C 0violaceum were obtained from the 
National Collection of Type Cultures NCTC 9796 and
NCTC 9371, 9372, 9373, 9374, 9376, 9357 respectively).
(For further details of strains see Chapter VI.j
IB Maintenance:
After purification cultures were maintained by 
inoculation into J strength nutrient broth and after about 
twenty-four hours incubation at 25°C, were stored at 4°C« 
Cultures of C„lividum were subcultured at about three month 
intervals, but C 0violaceum were subcultured every two weeks
Media
2A Standard Media:
River chromobacteria were subcultured onto a variety 
of standard media incubated at 25°C. Media used were as
follows
(i). Mac Conkey Agar (Oxoid) . MAC
(ii) Deoxycholate Citrate Agar (Oxoid) DCA
(iii) Koser1s Citrate Agar KCA
ie. Koser*s Citrate Broth (Oxoid)
1.5% Agar (Davis)
(iv) Fotato Dextrose Agar (Oxoid) PDA
(v) Mannitol Yeast Extract Agar (Cowan & Steel, 1965) MYE
(vi) Casein-peptone-starch Agar (Jones, 1970) CPS
(vii) Nutrient Agar (Oxoid) NA
(viii) Quarter-strength Nutrient Agar ^NA
ie. 3„25g Nutrient Broth (Oxoid)
15.Og Agar (Davis)
1 litre Distilled Water 
(ix) Tenth-strength Nutrient Agar l/lO NA
ie. 1.3g Nutrient Broth (Oxoid)
15.Og Agar (Davis)
1 litre Distilled Water 
(x) Quarter-strength Nutrient Broth JNB
ie. 3.25g Nutrient Broth (Oxoid)
1 litre Distilled Water
2B Experimental media:
A variety of experimental media were prepared in an 
attempt to find a selective medium for Chromobacterium spp. 
as follows:
(i) Basal medium and various carbohydrates.
The basal medium contained mineral salts as described 
by Jones (1970) and the amount of ammonium carbonate used
gave about 0.12% nitrogen, as recommended by Pope &
Skerman (Skerman, 1967)0
ie. K2H PO4 0.2g
MgS04 o7H20 0.05g
FeCl3 4 drops, 0*01% solution
(NH4 )2C03 1.5g
Ionagar No:2 (Oxoid) I5g
Distilled water 1 litre
The pH of the medium was adjusted to 6.8 and 
sterilisation was by autoclaving.
Solutions of mannitol and sodium citrate were filter 
sterilised, and soluble and insoluble starch (also in 
water) were Tyndallised (Coivan & Steel, 1965). These 
carbohydrates were then added to the basal medium to give 
concentrations of 0.5%.
(ii) Benzene hexachloride (BHC) medium.
\ NA was used as a basis for two series of media 
containing the alpha and beta isomers of BHC in a range 
of concentrations of 0.5, 1.0, 5.0, 10, 50 and 100 (rag/
100 ml of JNA)0 The BHC, as a 0.25% or 5o0% acetone 
solution, was added to 100 ml quantities of molten JNA 
and mixed before pouring into 9 mm Petri dishes. Control 
media, of J-NA and JNA with 2% of acetone added, were also 
prepared. The prepared plates were streak inoculated with 
41 chromobacteria and other river isolates. After 4 days 
incubation at 25°C plates were examined for inhibition of 
growth of any of the inocula.
(iii) Bile salt/jNA media.
Since chromobacteria were observed to grow well on
MAC and DGA, their apparent resistance to bile salts was 
investigated. Two series of bile salt media were used. 
Sodium deoxycholate (B.D.FI.), as a sterile 10% aqueous 
solution, was added to molten JNA to give final concentrat­
ions of 0, 0.1, 0.25, 0.5 and 1.0%. After mixing plates 
were poured. Sodium taurocholate (B.D.H.) was used to 
prepare a similar series of media. It was added as a 
sterile 10% aqueous solution, to molten JNA to give final 
concentrations of 0, 0.25, 0.5, 1.0 and 1.5%, and plates ' 
were poured. The prepared plates of media were streak 
inoculated with 20 river chromobacteria and incubated 
at 25°C. After 3 days plates were examined for the presence 
or absence of growth and pigmentation of the inocula.
(iv) Bile salt/citrate-ammonium-salts medium.
A citrate-ammonium~salts agar (CASA), which was based 
on Koser citrate broth, was prepared,
NaCl ig
MgS04 0.2g
NH4H2P04 ig
k2h fo4 ig
Ionagar No:2 (Oxoid) 15g
Citric acid 2g
Distilled water 1 litre
The pH was adjusted to 6.8 and the medium was auto- 
claved at 121°C for 15 minutes.
Sterile 10% aqueous solutions of sodium deoxycholate 
and sodium taurocholate were added to molten CASA to give 
final concentrations of 0, 0.05, 0.1, 0.25, 1.0 and 1.5%, 
and 0, 0.25, 0.5, 1.0, 1.5 and 2.5%, respectively. The
poured plates were streak inoculated with 21 chromobacteria 
and 19 other river strains, and were incubated at 25°C0 
After 4 days the plates were examined and the effects on 
growth and pigmentation of the inocula were noted.
(v) Teepol/CASA medium.
Filter sterilised Teepol 610 was added to CASA to 
give final concentrationf of 0.1, 0.25, 0.5, 1.0, 1.5 and 
2.5%. Plates were inoculated and incubated as before.
(vi) Modifications on CASA.
Various additions were made to CASA in an attempt 
to improve pigmentation-of -strains of Chromobacterium. . 
ie. a) addition of a trace of FeCl3
b) substitution of (NH4 )H2P04 with KN0g(lg/l)
c) substitution of (NH4 )HpP04 with L-.
tryptophan (lg/l)
d) substitution of (NH^JF^FO^ with L~
asparagine (lg/l)
e) substitution of (NH^JI^FO^ with yeast
extract (lg/l).
Plates were inoculated with chromobacteria and other 
river bacteria. After incubation at 25°C for 3 to 4 days, 
the amount of growth and pigment production was noted.
(vii) Anaerobic media.
Chromobacteria were incubated at 25°C for 5 days, 
in a hydrogen atmosphere, on various media, 
ie. a ) f NA
b) jjNA with 1% sodium nitrite
c) JNA with 1% sodium nitrate.
Antibiotics
3A Impregnated Paper Discs:
Preliminary screening of strains of Chromobacterium 
and other river bacteria, for. antibiotic sensitivities, 
was carried out using impregnated paper discs placed on 
the surface of JNA seeded with the test organisms, in 
large assay dishes (24 x 24 cm; 290 ml of JNA). After 
4 days incubati.on at 25°C plates were examined and zones 
of inhibition and effects on pigmentation were recorded.
The following commercially available discs (Oxoid)
furazolidone, 100; cephaloridine, 30; sulphamethoxazole,
25; spectinomycin, 25; nalidixic acid, 30; framycetin, 100; 
carbenicillin, 100; methacycline, 10; doxycycline HC1, 30; 
cephalothin, 30; nitrofurantoin, 200 and 300; chloram- 
phenical, 50; colistin, 200; sulphafurazole, 500; kanamycin 
30; ampicillin, 25; streptomycin, 25; tetracycline, 50; 
and bacitracin, 10 units; polymyxin B, 300 units. The 
following discs were prepared containing ( j*g/disc): 
cephalexin monohydrate (Reporex, Glaxo), 100; spiromycin 
(Rovamycin, May and Baker), 220; lincomycin (Lincocin, 
Upjohn), 50; methacycline HC1 (Rondomycin, Pfizer), 200; 
pimaricin (Pinafucin, Brocades), 400; chlortetracycline 
(Aureomycin, Lederle), 150; neomycin HC1 (Upjohn), 150; 
vancomycin (Vancocin, Lilly) 100; lymecycline (Tetralysal, 
Carlo Erba), 200; triacetyloleandoraycin (Euramycin, John 
Wyeth), 35; erythromycin, 130; penicillin G, 25; novobiocin 
150; tetracycline, 200; cloxacillin (Beecham Research
Laboratories), 100; clindamycin HC1 (Dalacin, Upjohn), 150.
gentamycin, 10; fucidin, 10;
3B Incorporation into |-NA:
(i.) Single antibiotics.
Sodium deoxycholate (B.D.H.) and some antibiotics 
selected for more detailed study ie. colistin sulphate 
(Colomycin, Pharmax), ampicillin (Penbritin, Beecham 
Research Laboratories) and nitrofurantoin (Smith, Kline & 
French Laboratories Ltd.), were incorporated as filter 
sterilised, aqueous solutions into molten i;NA, cooled to 
45°C, just before plates were prepared. The dried plates 
were inoculated by the spread plate technique, with river 
water contaminated with a mixture of 4 strains of river 
chromobacteria. After incubation for 5 or 6 days at 25°C 
chromobacteria and total colony counts were made.
(ii) Combinations of antibiotics.
Colistin, ampicillin and sodium deoxycholate showed 
some potential as selective agents for chromobacteria, and 
were tested in pairs to seek any complimentary activity 
against the general river flora which might increase the 
selectivity of a medium. Colistin with deoxycholate, and 
ampicillin with deoxycholate were incorporated into JNA 
to give ranges of concentrations of both substances. Eight 
or nine replicate plates were inoculated by the spread 
plate technique with river water. After incubation at 25°C 
for 6 days purple colonies (chromobacteria) and also non­
chromobacteria colonies were counted.
(iii) Comparison of various colistin/deoxvcholate 
corabinat ions•
Four batches of J-NA with different quantities of 
colistin and deoxycholate were prepared as follows:
a. JNA - 15 jkg/ml colistin and 0,3 mg/ml deoxycholate
b/ jrNA 15 jxg/ml colistin and 0o2 mg/ml deoxycholate
c. -J-NA « 10 jxg/ml colistin and 0o3 mg/ml deoxycholate
do ^NA - 10 jxg/ml colistin and 0,2 mg/ml deoxycholate.
Six or seven replicate plates were inoculated by the 
spread plate technique with river water contaminated with 
a mixture of 2 river chuomobacteria, After 6 days 
incubation at 25°C the numbers of chromobacteria and non­
chromobacteria colonies were noted,
(iv) Recovery of a single strain of Chromobacterium,
A strain of Chromobacterium was isolated from the 
River Wey on l/lO NA0 Without previous exposure to 
colistin or deoxycholate an aqueous suspension of the 
recently isolated strain was spread inoculated onto plates 
of JNA and NA, with and without colistin (15^xg/ml) and 
deoxycholate (0,3 mg/ml). After incubation at 25°C for 4 
days colony counts obtained on the various media were 
compared,
Colistin - deoxycholate Agar (CPA)
An agar concentration of 2%, rather than the 1,5%, 
was used as this reduced the spreading of such colonies 
as those of flexibacteria. A 100 mg/ml filter sterilised, 
aqueous solution of sodium deoxycholate was added to 
molten -JNA to give a final concentration of 0,3 mg/ml.
This was mixed and cooled to 45-50°C before colistin, as 
a 2 mg/ml sterile solution, was added to give a concentration 
of 15 ^ jig/mlo The CDA was mixed thoroughly but gently to 
avoid bubbles, before pouring into 14 cm petri-dishes
(Sterilin) to an approximate depth of 0o5 cm (about 
80 ml of agar), CDA was prepared immediately before 
use to minimise loss in colistin activity during the
incubation period,
) - . - . ■ ■
Addition of Cycloheximide (Acti-dione) to CDA
CDA counts of soil and river sediments usually yield 
large numbers of fungi which may be inhibitory to colonies 
of Chromobacterium, Cycloheximide (Acti-dione, Upjohn) 
was added to CDA at various concentrations to reduce 
fungal growth.
(i) First experiment.
Spread plate counts of River Wey water and of a loam 
sample from Ascot (for method see pagell2 ) were carried 
out on JNA, CDA and CDA with 75 jAg/ml cycloheximide (added 
as an acetone solution). Plates were incubated at 25°C for 
5 days and chromobacteria and total colony counts were made 
Soil counts were expressed as colony forming units per gram 
of dry soil (see pagell9for method).
(ii) 2nd experiment.
Spread plate counts of Ascot loam were carried out 
on CDA containing 0, 25 and 50 jxg/ml of cycloheximide0 
After 5 days incubation at 25°C colonies of chromobacteria 
and fungi were counted and expressed per gram of dry soil,
(iii) 3rd experiment.
Spread plate counts of a sandy pasture soil from 
Eashing (Soil A) and Ascot loam, which was contaminated 
with a mixture of 2 strains of soil chromobacteria (Soil B) 
were made on CDA containing 0, 30, 45, 60 and 75 jxg/ml
cyclohexamide. After 5 days at 25°C colonies of 
chromobacteria and fungi were counted on the different 
media and were expressed per gram of wet soil.
Colistin - deoxycholate - cycloheximide Agar (CDCA)
The medium was prepared as CDA, but after cooling
medium was used for counts of Chromobacterium spp. in 
samples such as soils, river sediments and water, rich in 
organic matter, which contain large numbers of fungi.
Light and Pigmentation
A number of strains of Chromobacterium, isolated 
from river water, were inoculated onto duplicate plates 
of JNA. These were incubated at 25°C in the dark and in 
daylight, but not direct sunlight. The amount of pigment 
produced in these conditions was then compared.
The "Catalase Effect*
Eight media were prepared, as follows:
(i) JNA autoclaved at 121°C for 15 minutes.
(ii) jrNA with all components except the agar filter 
sterilised.
(iii) autoclaved JNA (121°C/15 mins) - 1% soluble starch.
(iv) autoclaved j-NA (121^C/15 mins) - 0.1% manganese 
dioxide.
(v) as for (i), but CDA instead of JNA.
(vi) as for (ii), but CDA instead of JNA.
to 45 - 50°C cycloheximide was added as a 500jig/ml acetone 
solution to give a final concentration
(viii) as for (iv), but CDA instead of j^ NA.
Shake cultures of 5 river strains of Chromobacterium, in 
l/lO strength nutrient - broth, were incubated at 25°C for 
2 daySo Approximately equal quantities of each culture 
were mixed in sterile distilled water to give slight 
turbidity (approx. 10^ cells/ml). Dilutions were then 
prepared (10~2, 10“~, 10^^ and 10“") in sterile water and 
spread inoculated onto plates of the various media (six 
replicates for each dilution). After plates had been
incubated for 5 days at 25°C colonies were counted. This
/
technique was employed so that "single-celled” inocula 
could be obtained.
Comparison between 1/lONA, jr-NA and NA.
Spread plates of a River Wey water sample on 1/lONA, 
JNA and NA were incubated at 25°C and resulting chromo- 
bacteria and non-chromobacteria counts were compared.
Growth of Strains on CDA.
A number of strains of chromobacteria and other 
types not previously exposed to CDA were tested for their 
capability to grow on this medium. Strains of organisms 
used were as follows:
(i) 50 strains of river chromobacteria (C 0lividum).
(ii) 2 strains of C.lividum from culture collectionso
(iii) 7 strains of C cviolaceum from culture collections.
(iv) 5 non-chromobacteria from culture collections ie. 
Acinetobacter anitratum (NCTC 7364), Micrococcus denitri-
ficans (NCIB 8944), Pseudomonas aeruginosa (University 
of Surrey Culture Collection), Enterobacter cloacae 
(University of Surrey Culture Collection), Bacillus 
subtilis (NCTC 3610).
EXPERIMENTAL & RESULTS
Isolation and Maintenance of Strains
All purple pigmented colonies that were selected 
for use in the development of a selective medium proved 
to be Chromobacterium lividum (psychrophils), according to 
the tests recommended by Sneath (1966) (see page 16)* 
Generally these psychrophils showed good viability after 
prolonged storage in JNB at 4°C, although a few showed 
a tendency to die out if not subcultured every 1 or 2 
months. The few cases of die out which did occur were 
due to accidental contamination, particularly with fungal 
spores, during the first stages of isolation. Strains of 
C.violaceum (mesophils), from culture collections, died 
out rapidly in JNB at 4°C. Again, there was variation 
from strain to strain and it was necessary to subculture 
the mesophils fortnightly. Some psychrophils were found 
to be viable even after 3 years, where cultures were 
deliberately stored to observe their survival time, while 
others died out after 6 months and several after only a 
few weeks.
Media
2A Standard Media:
Growth rate and pigment production of 20 river 
chromobacteria (psychrophils) grown on a variety of 
standard laboratorj? media at 25°C, were noted (Table 2).
All strains.grew well on all media, although somewhat 
slower on 1/lONA and DCA. Pigmentation of colonies was 
more variable, being strongest on PDA and MYE, and absent 
or poor on KCA, DCA and 1/lONA.
2B Experimental Media:
(i) Basal medium and various carbohydrates.
Twenty strains of C.lividum, isolated from the River 
Wey were inoculated onto plates.of mineral basal medium 
containing various carbohydrates and incubated at 25°C 
for 4 days. The amount of growth and pigmentation was 
noted for each medium (Table 3). Growth was absent or 
poor on soluble starch and absent on insoluble starch for 
all strains. Starch media did not support pigmentation 
where growth did occur. Citrate enabled fair growth of 
all strains, although pigmentation of colonies was poor. 
Ability to grow and produce pigment was variable on the 
mannitol medium. Plates were incubated for a further 10 
days and although further growth occured there was no 
significant increase in colony pigmentation.
(ii) Benzene hexachloride (BHC) medium.
Two series of media containing alpha and beta isomers 
of BHC (in JNA) at concentrations from 0 to 100 mg/ml were 
streak inoculated with 20 strains of chromobacteria and 
19 other (non-chromobacteria) river isolates. No selectivity
TABLE 2
Effect of Medium on Growth and Pigmentation bf 
Chromobacteria (psychrophils)
Medium Growth Pigmentation
MAC ■++ +/ - to +
DCA + to ++ +/-
KCA +++ « to
PDA +++ +++
MYE +++ +++
CPS +++ ++
NA +++ ++
|na ++ + to +
1/10 NA + + /-
none; +/- poor; + fair; ++ good; 
+++ Very good.
TABLE 3
Growth and Pigmentation of Chromobacteria (psychrophils) 
on a Mineral Medium Containing Various Carbohydrates
Medium Growth Pigmentation
Base + Sol. Starch - to +/" mm
Base + Insol. Starch - -
Base + citrate + + A
Base + mannitol - to + - to t
none; +/- poor; + fair; ++ good
for strains of Chromobacterium was observed. All 39 
strains (chroniobacteria and non-chromobacteria) grew 
well on ail concentrations of both BHC isomers.
(iii) Bile salt/jNA media.
Twenty river strains of C elividum were inoculated 
onto 2 series of plates of |-NA containing ranges of 
concentrations of sodium deoxycholate and sodium tauro- 
cholate. Table 4 shows the effect of these bile salts 
on growth and pigment production of the chromobacteria•
At 0o5 and 1% concentrations the deoxycholate began to 
crystallise out xvhen the J-NA cooled. Chromobacteria were 
resistant to bile salts, being capable of growth in the 
presence of the highest concentrations used. Pigmentation 
was, however, inhibited at concentrations of bile salts 
greater than 0.25%.
(iv) Bile salt/citrate-ammonium-salts medium.
Plates of CASA with varying concentrations of 
deoxycholate and taurocholate were streaked with 21 
chromobacteria and 19 other river organisms, and were 
incubated at 25°C for 4 days. Growth of chromobacteria 
on CASA was comparable with that on JNA and the presence 
of taurocholate, even at 2.5%, had little or no inhibitory 
effect (Table 5A). Deoxycholate showed some growth 
inhibition above 1%, although no chromobacteria were 
completely inhibited at 1.5%. CASA was inhibitory to many 
of the non-chromobacteria and bile salts decreased their 
growth still further. However, four strains (ie. X14, X15, 
X2l & 22), which resembled flexibacteria, were capable of
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TABLE 5A
Effect of CASA, and CASA containing SodiumDeoxycholate and Sodium Taurocholate on 
Growth of Chromobacteria and Other River Isolates.
Strain km\
Sodium Taurocholate in CASA Sodium Deoxycholate in CASA
0% 0.25% 0.5% 1.0% 1.5% 2.5% 0% 0.05% 0.1% 0.25% 0.5% 1.0% 1.5%
A ++ tt tt ++ ft ft ft *f 4* tt tt tt tt + +
B tt tt ++ ++ ft ft ft tt tt tt t+ t t +/-
F tt tt tt ++ ft ft ft tt tt +t +t ft + t
G ++ ++ ++ ++ ft ft ft tt tt tt tt tt t t
J tt ++ ++ ti­ ft ft- t tt. tt- tt tt t t t/“
L tt ++ ++ ff ft ft ft/ tf tt tt tt tt t t
N tt ++ tt ft ft ft ft tt tf tt tt tt- t t
Q tt ++ ++ ft ft ft ft tt tt tt tt tt t t
Rl tt tt tt ft tf ft ft tt tf tt tt. tt. t t
R2 ’++ tt tt ft ft ft ft tt tt tt tt. tt - t t
R3 tt tt tt ft ft ft ft. ttx ti­ tf. tt-. tf t f
R6 tt tt ++ ft ft ft ft tt ff tt tt. tt t t
RIO ++ tt tt ft ft ft ft tt tt tt.- tt tt t t
Rll ++ tt ++ ft ft ft ft ft. ft- ft +t tt t f
. R12 ++ ++ tt ft ft ft ft tt tt tt tt tt + t
R14 tt ++ ++ ft ft ft ft tt tf tt tt tt t t
R15 tt ++ tt ft ft ft ft tt tt tf tt tt t t
R16 tt tt tt ft ft ft ft tt tt tt tt tt j- t
R17 tt tt ++ ft ft ft ft tt tt +t ++ tt t t
F1308 ++ ++ ++ ft . ft ft ft tt tt tt tt tt t t
XI ++ - - - - - - - - - - - - - -
X3 tt +/- +/- V - +/“ v - - t/~ - - - - -
X4 ++ t +/“ - - - - t - - - - - -
X5 tt + +/- +/_ - +/- t/“ t - - ■ - - - -
X6 t +/“ - - - - - +/- - - - - - -
X7 tt - - - - - - - - - - - - -
X9 tt tt ++ ft ft ft t tt t/“ +/- +/- t/- - -
Xll ++ ++ + - - - - ' tt t/“ t/- - - - -
X12 . tt - - - - - - “ — - - - - -
X13 tt +/- - - - - - t/- - - - - - -
X14 ++ tt tt ft ft ft ft tt tt tt +t ti­ tt tt
X15 tt tt ++ ft ft ft ft tt tt tt tt ff tt tt
X16 tt +/- • +/“ - - - - t/-' - - - - - ■ -
X17 tt - - - - - - - - - - *-
X18 ++ - - - - “ - - - - - - —
X19 tt - - - “ - - - - - —
X21 ++ tt ++ ft ft ft ft tt tt tt tt tt tt t
X22.. ++ ++ ++ ft ft ft ft tt tt tt tt tt tt t
X23 ++ - - - - * - - “ - - -
no growth; +/- slight growth; + moderate growth; ++ good growth. 
h t strains of Chromobacterium; B , strains of other genera, also isolated from 
river water. <
growth at the maximum concentration of both bile salts.
Table 5B shows the effect of these media on pigment 
production by the chromobacterium strains tested. Pigment 
was absent on CASA in all but the most strongly pigmented 
strains. Although many strains showed enhanced pigment­
ation in CASA containing 0.05 and 0.1% deoxycholate, pig­
ment was inhibited above 0.25% in both bile salts. CASA 
with about 0.25% deoxycholate showed a high degree of 
selectivity for chroraobacteria, but pigmentation was poor 
and would make identification of most chromobacteria 
impossible.
(v) Teepol/CASA medium.
Plates of CASA with varying concentrations of teepol 
were streaked with 21 chroroobacteria and 19 other river 
organisms, and were incubated at 25°C. All chromobacteria 
were inhibited, even at the lowest teepol concentration 
(0.1%). The flexibacteria (X14, X21 and X22), which grew 
at high bile salt concentrations in CASA, also grew well 
at the maximum teepol concentration (2.5%).
(vi) Modifications on CASA.
a) Addition of a trace of ferric chloride to CASA 
did not significantly improve pigmentation of chromo­
bacteria over that on CASA alone.
b) Substitution of ammonium hydrogen phosphate with 
potassium nitrate, as nitrogen source, reduced both growth 
and pigmentation by the chromobacteria.
c) Addition of 1% L-asparagine to CASA improved 
growth and pigment production of the chroraobacteria, but
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greatly reduced the selectivity of the medium,,
' . 'A ;
d) and e) Addition of L-tryptophan and yeast, 
extract to CASA improved growth and, particularly pigment­
ation of the chromobacteria, but this was outweighed by a 
marked decline in selectivity of the CASA, since all non­
chromobacteria were capable of growth,,
(vii) Anaerobic media
Twenty strains of Chromobacterium were streaked 
into JNA, JnA with nitrate and J-NA with nitrite, and 
incubated anaerobically at 25°C for 5 days# Addition of 
nitrate allowed good anaerobic growth, while nitrite had 
less effect, as shown by Table 6. Pigment was completely 
absent in anaerobic growth, but when plates were removed 
to aerobic conditions pigment began to develop and after 
about 24 to 36 hours was often strong.
Antibiotics
3A Impregnated Paper Discs:
Paper discs impregnated with various antibiotics 
were placed on the surface of JNA seeded with the test 
organisms (ie. 25 strains of Chromobacterium and 17 other 
river isolates). Zones of inhibition were measured from 
the disc edge to the edge of the clearing zone (Fig. 3).
Although most zones of inhibition were clear, due 
to complete growth inhibition, some showed partial 
inhibition or reduced growth (Fig. 4). This property 
was usually a property of the antibiotic, rather than the 
strain, since it tended to occur in many strains with 
particular antibiotics; but some strains did show a greater
TABLE 6
Effect of Anaerobic Growth on Various Media on Growth 
and Pigmentation by Chromobacteria
Medium Growth Pigmentation
|NA ) § 
) ^
■|NA +1% NaNO ) H 
) o'
JNA +i% NaNOs ) £
i+0■H1 -
+
++
- mm
JNA - aerobic ++ to
none; +/- poor; + fair; ++ good
predisposition than others to the phenomena,. Partial 
inhibition occurred mainly in the chromobacteriao The 
purity of such cultures was checked and the phenomenon 
was not caused by inhibition of one strain and growth of 
a contaminating one. Subcultures from zones of partial 
inhibition showed them to be similar to those from 
uninhibited areas. Slight or partial inhibition often 
occurred where most strains were not inhibited, while a 
few grew at reduced rate, such as in the case of the 
penicillins (carbenicillin and penicillin G). In cepha- 
loridine, however, the majority of strains of Chromo­
bacterium showed partial inhibition (Table 7).
The 25 strains of Chromobacterium tested showed 
complete resistance to antibiotics, ie. cloxacillin, 
fucidin, ampicillin, bacitracin, colistin, lincomycin, 
pimaricin and nitrofurantoin (200j±g0 discs). All strains 
were sensitive to 15 other antibiotics, ie. sulphafurazole, 
neomycin, framycetin, kanamycin, chloramphenicol, chlor- 
tetracycline, tetracycline, methacycline, polymyxin B, 
spectinoraycin, doxycycline, novobiocin, vancomycin, 
lymecjrciine and streptomycin. Ampicillin, colistin and 
nitrofurantoin showed potential as selective agents for 
chromobacteria since they inhibited most non-chromobacteria 
tested, but had no such effect on the chromobacteria.
These three antibiotics and deoxycholate were compared for 
complimentary activity by reference to their range of 
inhibitary activity on the 17 non-chromobacteria.
Ampicillin with colistin, and colistin with deoxycholate 
showed some complimentary activity, so that if used in 
combination they would possibly give increased selectivity.
TABLE 7 o The Effect of Different Antibiotics on Growth and Pigmentation of Chromobacteria
and Growth of NTon~chrotriobacteria: Effects on growth expressed as (A) the percentage of
strains showing inhibition zones of 0. 1 to 5, 5a5 to 10, 10o5 mm (See Fig 3) and (B) the 
percentage of strains showing various types of clearing in growth inhibition zones (Sbo Pic; 
4)0 Effects on pigmentation also shown (C).
Antibiotics Chromoba cter ia Non-Chromobacteria
A; Size of inhi­
bition zones (mm) 
0 1 to 5 5 a 5tolO 10o5
B:
c .
Type of
clearing
p pp n
c A: Size of inhibition 
zones (mm)
0 lto5 5s5fc>10 10.5Type
Pg
per
disc
Sulphafurazole 500 0 100 0 0 100 0 0 0 - 21.5 0 21.5
Sulphamethoxazole 25 72 0 4 24 8 8 12 72 +/o 26.7 13.3 20 40
Nitrofurantoin 200 100 0 0 0 0 0 0 100 + 33.3 33.3 29.3 6.7
Nitrofurantoin 300 92 8 0 0 0 4' 4 92 o 50 21.5 21.5 7
Furazolidone 100 60 16 20 4 28 8 4 60 + 20 26.7 13.3 40
Carbenicillin 100 60 32 4 4 4 12 24 60 o 26.7 33.3 13.3 26.7
Penicillin G 25 68 28 4 0 0 8 24 68 - 60 13.3 20 6.7
Cloxacillin 100 100 0 0 0 0 0 0 100 80 6.7 13.3 0
JFucidin 10 100 0 0 0 0 0 0 100 40 13.3 13.3 33.3
Cephalothin 30 88 12 0 0 0 0 12 88 66.7 13.3 13.3 6,7
Ampicillin 25 100 0 0 0 0 0 0 100 - 28.6 50 7 14.3
Neomycin 150 0 0 96 4 100 0 0 0 + 13.3 13.3 66.7 6.7
Framycetin 100 0 0 96 4 100 0 0 0 + 12,5 12.5 68.75 6,25
Kanamycin 30 0 0 92 8 100 0 0 0 + 6,7 0 73.3 20
Chloramphenicol 50 0 92 8 0 100 0 0 0 21.4 7.1 57.1 14.3
Chlortetracycline 150 0 0 0 100 100 0 0 0 + /o 20 13.3 26.7 40
Tetracycline 50 0 4 92 4 100 0 0 0 + /o 0 13.3 66.7 20
Tetracycline 200 0 0 24 76 100 0 0 0 h/o 00 0 46.7 53.3
Methacycline 10 0 24 64 12 100 0 0 0 +/o 6,7 33,3 46,7 1393
Methacycline 200 0 0 32 68 100 0 0 0 0 6.7 40 53,3
Erythromycin 130 4 40 44 16 96 0 0 4 O 33*3 26,7 20 20
Triacetyl
Oleandomycin 35 68 32 0 0 12 12 8 68 - 73,3 13.3 0 13.3
Spiromycin 220 4 92 4 0 84 12 0 4 - 40 33.3 13.3 13.3
Polymyxin B 300* 0 100 0 0 88 8 4 0 - ' 6.7 93.3 0 0
Bacitracin 10 100 0 0 0 0 0 0 100 73.3 13.3 6.7 6.7
Colistin (Poly E) 200 100 0 0 0 0 0 0 100 - 13.3 60 26.7 0
Nalidixic Acid 30 4 20 64 12 96 0 4 4 21.4 28.6 14.3 35.7
Spectinomycin 25 0 60 36 4 100 0 0 0 - 26.7 46.7 20 6.7
Doxycycline HC1 30 0 0 12 88 100 0 0 0 +/o 0 13.3 60 26.7
Novobiocin 150 0 0 92 8 100 0 0 0 + /o 40 13.3 20 26.7
Lincomycin 50 100 0 0 0 0 0 0 100 - 60 26.7 6.7 6.7
Cephalar idine 30 24 76 0 0 4 72 0 24 + /o 33.3 26.7 6.7 33.3
Gentamycin 10 4 52 44 0 96 100 0 4 + 0 75 18.75 6.25
Clindamycin HC1 150 84 16 0 0 0 12 4 84 - 46.7 20 0 33.3
Vancomycin 100 0 72 28 0 100 0 0 0 + 33.3 40 6.7 20
Cephalexin 100 96 4 0 0 4 0 0 96 - 33.3 40 6.7 20
Lymecycline 200 0 0 24 76 100 0 0 0 + /o 6.7 13.3 46.7 33.3
Pimaricin 400 100 0 0 0 0 0 0 100 - 100 0 0 0
Streptomycin 25 0 0 96 4 100 0 0 0 - 0 33.3 57.1 2.1
*' concentration in paper disc in units
types of clearing in inhibition zonos: c complete; p partial; pp slight; n no inhibit io, 
C: effect on pigmentation:+ stimulation; + slight stimulation; o inhibition; +/o stimuli 
ation and inhibition in different strains; - no effect.
Discs of colistin and nitrofurantoin, erythromycin 
and novobiocin, and sulphomethoxazole and polymyxin B 
were placed in pairs on the seeded JNA, Erythromycin 
and novobiocin exhibited a certain amount of synergism . 
where zones of inhibition coalesced, but were highly toxic 
to chromobacteriac
Qu
Some antibiotics Effected pigmentation. Neomycin, 
framycetin, kanamycin, nalidixic- acid, gentamicin and 
vancomycin were stimulatory to violacein production, while 
carbenicillin and erythromycin were inhibitory at concen­
trations which did not inhibit growth. Some antibiotics, 
particularly the tetracyclines, novobiocin and cephaloridine 
showed zones of inhibition and stimulation which were 
dependant on antibiotic concentration. This effect, super­
imposed upon the inhibition of growth often lead to a 
complex series of concentric zones (Fig, 5) of growth 
inhibition, followed by growth with pigment inhibition, 
then stimulation of growth and pigmentation and finally 
normal growth and pigmentation outside the zone of 
diffusion of the antibiotic,
3B Incorporation into i-NA:
(i) Single antibiotics
Quarter strength NA medium containing different 
concentrations of colistin, ampicillin, nitrofurantoin 
and also deoxycholate were used to make plate counts of 
bacteria in a river water sample contaminated with 4 strains 
of chroraobacteria, previously isolated from the river.
Table 8 shows the counts of chromobacteria and non­
chromobacteria.
PIGMENTATION OF CHROMOBACTERIA IN LAWN PLATES
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Fig. 4  Varying degrees of growth inhibition
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Fig. 5 Complex effect on growth and pigmentation
The apparent decline in chromobacterium counts was, 
at least in part, due to reduced pigmentation of 
colonies with increased antibiotic concentration. This 
resulted in their inclusion in the non-chromobacteria 
and exclusion from the chromobacterium count. In the 
case of colistin and ampicillin non-chromobacterium 
colonies generally showed a marked decrease in colony size, 
but since they were still present, were included in the 
count. At higher concentrations colonies appeared which 
had a similar appearance to those of Chromobacterium spp, 
(purple pigmented), but lacking pigment. When subcultured 
onto JNA and MYE these colonies proved to be chromobacteria 
whose pigment production had been inhibited by the anti­
biotics, although their growth rate was unchanged. These 
unpigmented colonies tended to be weakly pigmented, even 
on J-NA, while those producing violacein at higher anti­
biotic concentrations were heavily pigmented on J-NA alone. 
Counts of darkly pigmented chromobacterium colonies changed 
little, while apparent counts of low pigmented strains 
declined due to progressive inhibition of pigmentation.
In nitrofurantoin and deoxycholate pigmentation was not 
apparently repressed over the concentrations used.
Spreading colonies of flexibacteria type were not 
inhibited by 3ny concentrations of the substances used, 
except above 100^Jtg/ml of nitrofurantoin, but at this 
concentration there had been a large reduction in the 
chromobacterium count.
(ii) Combinations in JNA.
Plates of JNA containing combinations of colistin and
G (0
•r l •H
P G
(0 © O
• r l ■P
P U <0
© t0 to
+> & o
0 o 43
<0 B •P
CQ o
p V i
'H 43 o
O u
D) HH
G O ©
•H
«P tn tn
G G <0
S3 •rl
O to
U p CQ
-p •>—"
© to
43 to
■P •H
P
G V l <P
o 0 «P V l
O O
0? CO
© p JQ Q>
+■> 3 0  u
<0 •P E G
rH X o  v
O •rl p tn
43 2 43 ©
0 © P
to 1 Pk
X1 G
o 43 o ©
© -H g 43
•0 • r l •p
£ •0
B C G
G t0 *H
• r l ©
•o •p ~  £o ro <  55
<0 c *—1' rlfa
• r l
*d B <0
G to • r l
t0 ■p P>— c ©
o *Ptn u 0
o <0
•H p ,o
■P © 0
O •p E
•H <0 o
& £ p
• r l 43
+» p O
c (P
< > Vi
•rl 0
SH K
0 ©
V l •p
■p O c  ■
o G
© IP 0
Vi rH V
V i P.
w E
(0
0) to
43
H (0
>*
•rl
COrH
•H
o
rH
•H
•H
•H
•H
rH
rH
0 E o \  
G o\ 
.9
*o t
rH rH
X  X
co o> 
• •
in a
£ £rtjtf
GO
rH rH
B B \  \  
(0 0) 
*P -H•H »d 
G © 
G G
♦H
O' D  <5 
*3 G «P •H H  ,D
b e o
P  P  
O O -P 
*H 'H  H  
S35* « 
G © 
O )H 
rH
O O
Ss 
G o
rH 
O
O U 55
* * * I
deoxycholatejand colistin and ampicillin were spread 
inoculated with river waterc Based on results obtained 
by using antibiotic impregnated paper discs (see page 57 )
these combinations had exhibited the most complimentary 
activity in inhibiting 17 non-chromobacteria river 
isolates•
Combinations of colistin and deoxycholate (Tables 
9, 10 and 11) showed a considerable decrease in the non­
chromobacteria, while there was an increase in the 
chromobacterium count. There was apparent decrease in 
the count of chromobacteria at higher concentrations. 
Concentrations of 15jxg/ml of colistin and 0.3 mg/ml of 
deoxycholate appeared to give best counts of chromobacteria, 
and a large decrease in the numbers and size of colonies of 
other types.
Although colistin and ampicillin, in combination, 
showed some selectivity for Chromobacterium spp., they 
were less suitable since inhibition of pigment production 
by the chromobacteria was more acute. There was, also, a 
less marked increase in the chromobacterium count.(Table 12)
(iii) Comparison of various colistin/deoxycholate 
combinations.
Four JNA media containing various concentrations of 
colistin and deoxycholate, and normal JNA were compared. 
River water adulterated with 2 river strains of 
Chromobacterium was used to make spread plates and the 
corresponding chromobacterium counts were noted (Table 13). 
Counts obtained on all media were very similar, and as the 
medium containing the highest concentrations of colistin
TABLE 9
The Effect of Colistin and Sodium deoxycholate on the
Counts of Chromobacteria and Other Heterotrophs* in a
Sample of River Water
Deoxycholate
concentration
mg/ml
Counts as % of those on JNA at colistin
conc. ( jAg/ml)
0 10 15 20
0 100 - 167 -
(100) (66)
0.1 - 230 238 213
(28) (20) (10.5)
0o3 125 266 272 292
(7) (3) (lo5)
0.5 - 257 270 219
(1) (0.5) (0.03)
* counts of non-chromobacteria are given in brackets
- not done
TABLE 10
The Effect of Colistin and Sodium deoxycholate on the
Counts of Chromobacteria and Other Heterotrophs* in a
Sample of River Water
Deoxycholate
concentration
mg/ml
Counts as % of those on JNA at colistin
conco (jJtg/ml)
0 5 10 15
0 100 146
(100) (69)
0.05 - 245 245 225
/
(70) (47) (42)
0.1 193 195 220 260
(72) (58) (29) (24)
0.3 - 190 245 250
(24) (13) (9)
* counts of non-chromobacteria are given in brackets
- not done
TABLE 11
The Effect of Colistin and Sodium deoxycholate on the
Counts of Chromobacteria and Other Heterotrophs* in a 
Sample of River Water
Deoxycholate
concentration
mg/ml
Counts as a % of those JNA at colistin 
concentration ( p^g/ml)
0 10 17 © 5 25
0 100 - 354 - .
(100) (88)
Ool - 398 335 343
(32) (25) (11)
0o5 138 343 372 334
(8) (2) (0.7) (0.4)
1.0 - 193 214 171
(0e8) (0.5) (0.3)
* counts of non-chromobacteria are given in brackets
- not done
TABLE 12
The Effect of Colistin and Ampicillin on the Counts of
Chromobacteria and Other Heterotrophs* in a Sample of
River Water
Ampicillin
concentration
(jog/ml)
Counts as a % of those f-NA at colistin 
cone. ( pug/ml)
0 5 10 15
0 100 200
(100) (74)
Opl - 133 117 183
(43) (41) (38)
0.5 117 150 217 167
(29) (15) (13) (12)
1.0 - 217 83 117
(11) (8) (8)
* counts of non-chromobacteria are given in brackets
- not done
and deoxycholate showed considerably greater inhibitory 
activity against the non-chromobacteria, this was 
considered to be most suitable as a selective medium for 
Chromobacterium spp.
(iv) Recovery of a single strain of Chromobacterium.
Plates of JNA and NA, with and without colistin and 
deoxycholate (I5jj^g/ml and 0.3 mg/ml, respectively) were 
spread inoculated with a suspension of a single strain of 
chromobacteria freshly isolated from River Wey water on 
JNA and resuspended in sterile water. Colony counts on the 
colistin/deoxycholate media were lower, but in JNA the 
decrease was small. Quarter-strength NA, rather than full- 
strength NA, was used as the basis of the selective medium 
(Table 14).
Colistin-deoxycholate Agar (CDA)
CDA exhibited good selectivity for chromobacteria.
It was possible to prepare spread plates using undiluted 
river water and obtain plates containing up to 35 chromo­
bacterium colonies, while inhibiting growth of non­
chromobacteria sufficiently to make such plates countable. 
This was a distinct advantage over using JNA for plate 
counts, where only 1 chromobacterium colony, on average, 
occurred on countable spread plates (See also, Ryall & Moss, 
1975).
Addition of Cyclj^heximide (Acti-dione) to CDA
For use in soil counts of chromobacteria it was 
necessary to modify CDA to suppress fungal growth. A 
series of 3 experiments involving addition of cycloheximide 
to the CDA were carried out.
TABLE 13
Effect of j-NA, Containing Various Concentrations of 
Colistin (CS) and Deoxycholate (DC) on Counts of 
Chromobacteria in River Water Adulterated with 2 Strains 
of Chromobacteria
Media Colony forming units/ml
|NA 240
(a) |NA 4a I5jwg/ml CS and 0o3mg/ml DC 234
(b) |NA 4* 15jjug/ml CS and 0.2mg/ral DC 231
(c) JNA J• 10j\g/ml CS and 0.3mg/ml DC 246
(d) -jNA * lOjxg/ml CS and 0.2mg/ml DC 241
TABLE 14
Recovery of a Strain of Chromobacteria Freshly Isolated 
from River Water on j-NA and Resuspended in Sterile Water
Medium Colony forming units/ml on
iNA NA
Normal 95 97
15 jxg/ml CS+ 0.3 mg/ml DC 91 77
(i) 1st experiment
. Three media, ie. CDA, CDA with 75 jxq/ml cyclohexi- 
mide and jjNA, were used for. plate counts of river water 
and soil. The results are presented in Table 15. The 
presence of cycloheximide gave a .25% lower chromobacterium 
count than CDA, in the river water sample, but the 
equivalent soil count was 65% higher than that on CDA.
(ii) 2nd experiment
Soil plate counts were carried out on CDA containing 
0, 25 and 50^j.g/ml cycloheximide, and chromobacteria and 
fungal counts were noted (Table 16). The number of chromo­
bacteria in the soil was low, so that only a small number 
of colonies appeared on the plates. Thus, comparison of 
the toxicity of the media for chromobacteria was not 
possible. It was clear that cycloheximide inhibited fungal 
growth at both concentrations used. Not only was the 
fungal count decreased by the cycloheximide, but also the 
growth rate of those not totally inhibited was reduced.
(iii) 3rd experiment
Chromobacteria and funaal colony counts were carried 
out on two soils (A and B) using CDA containing concentrat­
ions of cycloheximide (0 to 75^/101). Soil A was a sandy 
pasture soil. Soil B was a rich loam (used in previous 
experiments) known to have a high fungal count and to which 
a mixture of strains of chromobacteria isolated from soil 
was added. Table 17 shows the counts obtained. In all 
cycloheximide containing media the chromobacterium count 
was markedly higher than in the CDA alone. The fungal 
colony count and also the growth rate of those moulds not
TABLE 15
Effect of Addition of Cycloheximide (C) to CDA on the
Count of Chromobacteria in River Water and Soil
Medium
c
Chromobacterium
count
.
Total count
CDA 102 -
CDA«t>75 jjtg/ml C 77
Jna - 1.57 x 105
CDA 25.5 x 102
CDA 4* 75 jJig/ml C ' 2 42.0 x 10*
Jna - 7.58 x 107
River Water, 
counts as 
cfu/ml
Ascot Soil, 
counts as 
cfu/g dry soi?
cfu, colony forming units .
TABLE 16
The Effect of Addition of Cycloheximide (C) to CDA on 
Counts of Chromobacterium and Fungi in Soil
Media Chrdmo- 
bacteria 
(cfu/g dry 
soil)
Fungi 
(cfu/g dry 
soil)
Effect on fungal 
colony growth
CDA
CDA 4? 25jjig/ml C 
CDA «¥ 50jug/ml C
6.4 x 102
8.8 x 102
6.9 x 102
TNTC
1.72 x 103 
0.78 x 103
Most colonies large 
Few colonies large 
Colonies small
TNTC, Too numerous to count
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totally inhibited were reduced with increasing cyclohexi- 
mide concentration. After six days fungal growth almost 
covered the CDA plates, containing no fungicide. Inhibition 
of fungal growth at 30 yjug/ml cycloheximide was sufficiently 
good that this was taken as the concentration to be used 
in the selective medium modified for soil counts (ie. CDCA).
6. Colistin-deoxvcholate-cycloheximide Agar (CDCA) ,
Chroraobacterium counts on CDA were depressed by fungal 
growth in samples rich in organic matter such as soil, 
river sediment and heavily polluted water. Addition of 
30 jj^ g/ml of cycloheximide to the CDA inhibited the growth 
of fungi so that only a low percentage of those in the 
samples could grow, and those at a greatly reduced rate.
This resulted in an apparent rise in the chromobacterium 
colony counts.
7. Light and Pigmentation
The effect of light on pigmentation was only slight, 
being observable only in weakly pigmented strains of 
Chromobacterium. Colonies growing on JNA and MYE, in 
daylight, produced pigment rather more rapidly and colonies 
were often more darkly pigmented than the equivalent dark 
crown colonies. Count plates were thus incubated in day- 
liaht (but not direct sunlight) as a standard procedure.
The 'Catalase Effect*
Eight media were prepared to investigate any toxic
effect of autoclaved media on single-celled/inocula of 
chromobacteria, and termed the 'Catalase Effect1 by 
Sneath (1955). Filter sterilised JNA and CDA gave similar 
counts to the autoclaved media indicating no such effect 
on the strains of Chromobacterium (psychrophils) tested _ 
(Table 18). Higher counts were obtained in the starch 
media; starch is considered to suppress the formation of 
such toxic substances. Manganese dioxide appeared to be 
toxic, at the quantities used, since colonies were minute 
and unpigmented, even after 14 days incubation.
9. Comparison between 1/lONA, j-NA and NA
Quarter strength NA allowed better growth and 
pigmentation of strains of chromobacteria than l/lONA, 
and NA showed little or no improvement over ttNA in the 
growth of chromobacteria.
10. Growth of Strains on CDA
A number of types of bacteria not previously exposed 
to CDA, were inoculated onto this medium. All strains of 
chromobacteria tested (C.lividum and C.violaceum) grew 
well, as did Micrococcus sp. and Enterobacter sp. The 
strains of Pseudomonas, Bacillus and Acinetobacter tested, 
were inhibited.
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DISCUSSION
As described in the Introduction (page34), no media 
were available which would allow the enumeration of 
chromobacteria in soil and water, where they normally 
exist as a very small part of the total (culturable) micro­
flora, ie. about 0.001 to 0.0001% of the river population 
in summer. It was clear that a medium with a good degree
of selectivity was required, if counts were to have
statistical significance. Alternatively, considerable 
numbers of non-selective plate counts would have to be 
carried out on each sample, which would be costly and time 
consuming. Besides having selectivity for strains of 
Chromobacterium,the medium would need to support good 
pigmentation by such colonies, so that they could be easily 
recognised by their purple colour. All purple colonies 
tested have proved to belong to this genus. All 26 strains
of Chromobacterium isolated from the River Wey, on
conventional media, resembled the psychrophilic species 
(C .lividum). These and 19 non-chromobacteria from the same 
river samples were used in the systematic development of 
a selective medium.
Culture on a variety of conventional media revealed 
not only that chromobacteria pigmented well on MYE and PDA, 
but were also highly resistant to bile salts (present in 
MAC and DCA). Cunningham & Raghavachari (1924) also 
reported the growth of chromobacteria on MAC, first appear­
ing as white colonies and then pigmenting to deep violet.
When various carbohydrates were included in a mineral 
medium, the chromobacteria only grew well on citrate, 
growing poorly on soluble starch and mannitol, and not at 
all on insoluble starch. Sneath (1960) observed that 
psychrophilic strains were generally incapable of using 
starch, although mannitol was more widely used, and all 
could use citrate. The slight growth on soluble starch 
may well have been due to the presence of short chain 
molecules.
Gray (1954a & b) studied the effect of B.H.C.
(benzene hexachloride) on soil microflora and laboratory 
strains of bacteria. He found that of 48 laboratory 
strains 35 were inhibited by 0.5 mg/ml of B.H.C. (in the 
form of Benexane 50), while the remainder, which included 
C.violaceum, were unaffected. On the basis of his finding 
the value of B.H.C. as a selective agent was investigated. 
Using purified alpha and beta isomers, and 39 strains of 
chromobacteria and non-chromobacteria, no inhibition of 
any strains occurred even at 100 rag/ml of either isomer. 
This discrepancy may lie in the fact that Gray used 
Benexane 50 as his source of B.H.C. This proprietary 
product, however, only contains 50% of BHC, as the mixed 
isomers. Gray, himself, found purified gamma-B.H.C. to be 
non-inhibitory to any of his 48 strains, and yet it is 
considerably more toxic than the other isomers, at least 
to most higher life forms (Metcalf & Flint, 1962). It 
must, therefore, be concluded that the toxic material was
either one of the other stereoisomers or, as seems more 
likely, some undefined substance in the "non-HHC" part 
of the Benexane 50.
Sodium deoxycholate had good potential as a selective 
agent, since at 0.25% (the concentration in DCA) there was 
little or no inhibitory effect on growth or pigmentation 
of chromobacteria. CASA, a citrate/mineral medium, also 
showed selectivity which was greatly enhanced by addition 
of bile salts. Addition of sodium taurocholate (2.5%) or 
deoxycholate (1%) allowed growth of all chromobacteria, 
while inhibiting 80% of the non-chromobacteria, which 
became worse with increasing taurocholate. Up to 0.25% 
deoxycholate increased pigmentation, but it was still 
markedly poorer than on ^NA.
Various modifications were made to CASA in an attempt 
to improve pigmentation* Substitution of bile salts with 
Teepol 610 (James & Emberley, 1956) inhibited all chromo­
bacteria. Addition of ferric chloride (Sartory, Meyer & 
Waedele, 1938 a,b) had no effect. L-asparagine (Lasseur & 
Girardet, 1926) and L-tryptophan improved pigmentation, 
but greatly reduced the selectivity of the medium, probably 
because an organic nitrogen source facilitated the growth 
of bacteria incapable of utilising ammonium phosphate, 
Kimmel & Maier (1969) likewise found that addition of 
tryptophan or casein hydrolysate to Koser*s Citrate Agar 
(on which CASA was based) stimulated pigment production 
of chromobacteria. De Moss & Happel (1955, 1959) made 
similar findings, although they considered methionine as 
essential for growth of C.violaceum. This does not seem
to have been the case with strains used in this 
investigation, or those of Sneath, since all grew well 
after continual subculture on CASA (or Koser Citrate), 
which contains neither methionine nor any other amino 
acids or vitamins. Despite the fact that Koch (1938) 
and Corpe (1953) found yeast extract to be inhibitory to 
pigment production, its addition to CASA markedly improved 
pigmentation by chromobacteria, although it practically 
destroyed all selectivity.
It is possible that, with further work, CASA could 
prove to be a useful basis for a selective medium, if 
pigmentation of chromobacterium colonies could be improved 
while maintaining its selectivity. It was, however, 
decided not to continue this line of investigation further.
As found by Sneath (1960), these psychrophilic strains 
of chromobacteria, unlike the mesophilic species (C.violaceum) 
grew poorly or not at all, anaerobically. Germano (1892) 
and Fuller & Johnson (1899) recorded obligate aerobic 
psychrophils, although Kimmel & Maier (1969) stated that 
psychrophilic (C.lividum) river isolates were facultative 
aerobes, growing as well as C.violaceum. Addition of 
nitrate to the -JNA greatly improved anaerobic growth, as 
did nitrite, to a lesser extent. Many bacteria are capable 
of anaerobic growth, if an alternative terminal electron 
acceptor to oxygen is available to the electron transport 
chain (Kluyver & Van Niel, 1959; Rose, 1967). When nitrate
plays this role the process is known as "nitrate respiration".
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Nitrogen respiration is inhibited by the presence of oxygen 
(Lester & De Moss, 1971; Brock, 1974). Although nitrite 
reductase, reducing nitrite to nitric oxide, is well recorded
(De Ley, 1964a;Yamanaka, 1964), A.T.Pi is only produced 
during reduction of nitrate to nitrite, by nitrate 
reductase (Hadjipetrou & Stoutharaer, 1965; Brock, 1974).
In the light of this, the improvement in anaerobic growth 
in the presence of nitrite, observed in this investigation, 
is not readily explicable.
Some confusion exists concerning whether nitrate 
respiring organisms are truly facultative aerobes, since 
they are only capable of anaerobic growth in the presence 
of nitrate. In the case of the genus Chromobacterium, the 
psychrophils (which are oxidative) seem to require the 
presence of nitrate, while the mesophils (which are 
fermentative) grow well anaerobically without nitrate.
Brock (1974) stated that most organisms capable of nitrate 
respiration are referred to as facultative aerobes, and 
this certainly seems to be the case in the literature 
(eg. Sinclair & White, 1970). Gel*man et al. (1967), however, 
regarded many such organisms as obligate aerobes. Nitrate 
respiration has been considered as more primitive than 
oxygen respiration (Yamanaka, 1964). It has been 
demonstrated in over 1,000 species of the Enterobacteriaceae 
(Daubner,1962) including Klebsiella (Aerobacter) aerogenes 
(Knook, Van't Riet & Planta, 1973), Escherichia coli 
(Showe & De Moss, 1968; Lester & De Moss, 1971), as well as 
representatives of other families eg. Pseudomonas aeruginosa 
(van Hartingveldt & Stouthamer, 1973), Azotobacter 
vinlandii (Taniguchi & Ohmachi, 1960), Haemophilus 
parainfluenzae (Sinclair & White, 1970), Micrococcus 
denitrificans (Timkovich & Dickerson, 1973), Staphylococcus
aureus (Sasaraman, Purvis & Portelance, 1974).
In agreement with the findings of Sneath (1960), no 
pigment was produced by chromobacteria, under anaerobic 
conditionso Miller & Wilson ^1967) also found that no 
pigment was produced in the absence of oxygen, but at 10% 
oxygen, and above, pigmentation was normal.
A selection of antibiotics, impregnated into paper 
discs, were tested for inhibitory activity on lawn plates 
of chromobacteria and non-chromobacteria. The size of a 
zone of inhibition is dependant upon many factors, 
particularly diffusion rate of the antibiotic and sensit­
ivity of the bacterial strain. Thus, care must be taken 
in interpretation of such results. Strains of Chromo­
bacterium varied considerably in sensitivity to certain 
antibiotics, such as carbenicillin, indicating that such 
antibiotics are inhibitory to a function or structure which 
is strain variable. In other antibiotics, all chromo­
bacteria showed similar resistance (eg. ampicillin) or 
sensitivity (eg. chlortetracycline). When all strains 
were inhibited, the antibiotic probably acted on a property 
essential to all strains.
Partial or slight inhibition, in which a zone of 
reduced growth was formed, seemed to be characteristic of 
certain antibiotics. Some strains of Chromobacterium had 
a tendancy to produce such zones, while others never 
produced them. Generally, where partial inhibition 
occurred in some strains, the majority showed no inhibition 
(eg. clindamycin). Exceptions occurred, such as 
cephaloridine, in which the majority of strains showed 
partial inhibition, and in polymyxin B and nalidixic acid
where a few strains were partially inhibited but most 
showed complete (clear) inhibition zones. The phenomenon 
may be caused by a reduction in growth rate of certain 
strains without total inhibition. Certain strains may, 
however, possess a high level of inter-strain variation 
in resistance to particular antibiotics, so that some 
mutant members of the strain grow while others are 
inhibited. Sneath (1960) noted that streptomycin resistant 
mutants were not uncommon in chromobacteria; although in 
this investigation no partial zones occurred with strepto­
mycin. It was shown that the cultures used were not 
contaminated.
Certain antibiotics had stimulatory or inhibitory 
effects on violacein production. Darrasse et al. (1955) 
reported that pigmentation in C.violaceum was stimulated by 
framycetin, neomycin and penicillin, and inhibited by 
tetracycline, streptomycin and chloramphenical (chlormycetin) 
In my investigation framycetin and neomycin were also found 
to be strongly stimulatory, although the penicillins had 
no effect. Tetracyclines and some other antibiotics had 
complex effects on pigmentation, causing zones of inhibition 
and stimulation, which were presumably dependant on the 
concentration of antibiotic in the medium. Chloramphenicol 
and streptomycin had no effect. The differences in detail 
probably reflects the use by Darrasse et al. of C.violaceum, 
while C.lividum was studied here; although their antibiotic 
sensitivities are very similar (Table 18).
A complex formation of zonal inhibition and 
stimulation of both pigmentation and growth was observed in 
9 antibiotics, particularly tetracyclines. A narrow zone of
stimulated growth occurred adjacent to the clear area of 
growth inhibition. This well known phenomenon is probably 
due to reduced competition for nutrients at the boundary 
between no growth and growth. The zonal nature of pigment 
inhibition and stimulation superimposed onto the growth 
zonation often produced a complex series of concentric 
rings (see Fig 5).
As Sneath pointed out, the majority of work on anti­
biotic sentitivities has been on C.violaceum, probably 
because it is of pathological importance. However, a small 
amount of fragmentary data has appeared, concerning psychro 
philic strains and is summarised, with data on C.violaceum, 
in Table 19. Findings in this investigation are in close 
agreement with those of Stout (1962) and Moffett & Colwell 
(1968), although Sneath (1960) found different reactions 
in chlortetracycline, spiromycin, colistin and oleandomycin 
using only a single strain. Chromobacterium lividum and 
C.violaceum have very similar antibiotic sensitivities, 
differing conslstantly only in that C.violaceum is totally 
resistant to penicillin G, while the other species seems 
to contain about equal numbers of sensitive and resistant 
strains. However, due to the small number of strains on
i
which these findings are often based, generalisations of 
species traits would be dubious. Some differences were 
probably due to variations in dose.
Colistin, ampicillin and nitrofurantoin were selected 
for further study as possible selective agents, since they 
were toxic to many of the non-chromobacteria tested, but 
did not inhibit any of the chromobacteria. Plates of -J-NA 
containing these antibiotics and deoxycholate, individually
TABLE 19
Review and Comparison of Published Data on Antibiotic 
Sensitivities of Chromobacterium lividum and C.violaceum
with Present Findings.
 ^Antibiotic ,Sensitivity
: : ■■! 
Antibiotic
A
C.' lividum 
B C D
- --- -
E
C.
F -
violaceum 
G H I . J
Sulphofurazole S • • • • • . • R ■ •
Nitrofurantoin R • • . • • S . s •
Tetracycline S S S • • S S S s s
Chlortetracycline S • S R S/r S/r S 0 • s
Chloramphenicol s . s S S S/r S s s s
Streptomycin . s s s S S S/r S s/R s s
Lincomycin R • • • - • R 0 •
Spiromycin S/r • R • • 0 •
Oleandomycin R/s • S • • • •
Neomycin S s • S • •
Framycetin S • • • • S/R
Kanamycin s . • s • S r/S • •
Polymyxin B s s s • S . R • •
Colistin R • • s/R • r: s/R •
Bacitracin R R • • • R • •
Cephalothin s/R • • • • R • •
Penicillin G s/R S/R s/R • R R R R
Nalidixic acid S/r • • . S S •
Novobiocin S • s • S S/R • •
Erythromycin S/r S s • S/r S S S/R
Ampicillin R • • • • R R s •
Cloxacillin R • • • • • • • R
No: of strains
tested 26 2 2 1 9 7 4 14 1 •
S=100% sensitive; R=100% resistant; s/R= approx.75% resistant; 
S/R= approx. 50% resistant; S/r= approx.75% sensitive.
.= data not available.
A - Present findings.
B - Stout(1962).
C - Moffett & Colwell(1968).
D - Sneath(1960).
E - Sneath(I960).
F - Moffett & Colwell(1968).
G - Ognibene & Thomas(19 70).
H - Sivendra, Lo & Lim(19 75) . 
I - Hunter(1970).
J - Miscellaneous literature.
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were spread inoculated with river water with added 
chromobacteriao Although some selectivity for chromo­
bacteria was evident, (Table 8) none of the media were 
very satisfactory, since chromobacterium counts were 
also reduced with increasing antibiotic concentrations*
Much of this apparent decrease was due to inhibition of 
pigmentation of the chromobacteria, particularly by 
ampicillin and colistin.
Combination ,of antibiotics and deoxycholate greatly 
improved the selectivity* River water spread plates on 
JNA containing colistin and deoxycholate, in combination, 
gave encouraging results* Repeated experiments, using 
different river water samples consistantly showed that 
concentrations of about 15 ^ g/ml colistin and 0.3mg/ml 
deoxycholate caused a 10 to 100-fold decrease in the non­
chromobacterium count and a reduction in the colony size of 
many that did grow. There was also an apparent three-fold 
increase in chromobacterium count, over that on JNA alone, 
which was probably due to reduced competition by the non­
chromobacteria, allowing better growth and pigmentation* 
Chromobacterium spp., like many other pigmented species, 
show reduced colony pigmentation when overcrowded* As 
noted in previous experiments much of the decrease in 
chromobacterium count at higher concentrations of the 
colistin was due to inhibition of pigment production, rather 
than inhibition of growth. Colistin and ampicillin in 
combination gave less useful results*
A selective medium (CDA) was thus devised using 
colistin (l5^Jkg/ml) and deoxycholate (0.3 mg/ml) in JNA. 
Further tests showed that this medium exhibited minimal
toxicity for chromobacteria, and at the colistin concent­
ration used did not impair pigment production of even 
weakly pigmented strains.
Colistin (polymyxin E) is a basic peptide antibiotic, 
produced by Bacillus polymyxa var. colistinus and, like 
other polymyxins, acts as a cationic surfactant (Bricas & 
Fromageot, 1953). Members of the polymyxin-group are 
closely related in their activities and properties, differ­
ing mainly in their clinical toxicity (Hirsch, McCarthy & 
Finland, 1960 ; Fekety, Norman & Cluff, 1962). They cause 
fatal disruption of lipoproteins in the cell membrane of 
even metabolically inactive bacterial cells (Newton, 1958), 
ie. a physicochemical effect, rather than the biochemical 
effect of such antibiotics as penicillins and tetracyclines 
Sodium deoxycholate also has antibacterial activity, but is 
more notable for its strong surfactant properties; it is 
anionic.
Colistin has often been used in combination with other 
antibacterial substances, for medical purposes, ie. with 
carbenicillin (Pratt & Dugger, 1971), with kanamycin 
(Barnett & Sanford, 1969; Pearman, 1971), with penicillin G 
methacillin, cloxacillin and ampicillin, with tyrothricin 
(Chapius & Dudot, 1969), with chloramphenicol or neomycin 
(Mann, 1964; Lund, 1969; Oishi, Suda & Takahashi, 1970). 
Synergism has been noted between colistin and gentamicin, 
and carbenicillin (Helm & Stille, 1971), sulphonamides 
(Simmons, 1970; Holmgren & Moller, 1970), and other anti­
biotics (Meleney, 1963; Bulger & Kirby, 1963). When used 
in combination with the non-ionic surfactant, Tween 80, 
Bliss & Warth (1950) found a four fold increase in activity
of 2 polymyxin antibiotics (polymyxin B and D , while no 
such effect was seen with penicillin, streptomycin or 
chloramphenicol. Brown & Winsley (1971) used polymyxin B
with the non-toxic Polysorbate 80 (non-ionic) and observed
• • ' . *
a synergistic effect0 They found that polysorbate 
affects cell permeability (Brown & Winsley, 1969), and that 
by this effect allows easier access of the polymyxin to 
the underlying cell membrane. Guttman & Higuchi (1956) 
claimed that these two substances formed a complex. It 
is likely that colistin and deoxycholate also display a 
similar form of synergism, in view of the similarity between 
colistin and other polymyxins and the highly surface active 
properties of deoxycholate. However, without further 
investigation it would be impossible to assess, since both 
substances are antibacterial in their own right.
Although CDA proved very useful for carrying out 
chromobacterium counts in river water, attempts at soil
and river sediment counts indicated that a method of
/
controlling fungal growth was necessary. Where a large 
amount of fungal growth occurred, inhibition of bacterial 
colony formation resulted,markedly reducing the chromo- 
bacterium count. CDA containing a range of concentrations of 
cycloheximide was used to make counts from soils. Those 
plates containing cycloheximide inhibited fungal growth, 
and even at the low concentration of 30 ^ g/ml, growth of 
moulds was reduced 20-fold, those still capable of growth 
being reduced in size. Since higher concentrations than 
30 jag/ml did not significantly increase fungal inhibition, 
this concentration was used as the working level in CDCA 
(CDA with cycloheximide).
Parallel culture of strains of Chromobacterium in 
dark and daylight indicated that light stimulated 
piament production, although the difference could only be 
observed in weakly pigmented strains. This was also the 
finding of Oliver (1902) and Minett (1913), although 
Sneath (1960) observed no effect, possibly because his 
observations were on well pigmented strains. As a result 
of these findings count plates were incubated routinely 
in daylight
A phenomenon has been described by several workers, 
in which small inocula of chromobacteria are inhibited on 
some laboratory media (Sneath, 1960), and is known as the 
MCatalase Effect” (see page 14). Spread plate techniques 
depend on the development of colonies from single or 
small clusters of cells. It therefore seemed important 
to investigate the possible effect of this phenomenon on 
plate counts. Sneath (1955) found that the inhibitory 
effect was removed by addition of a small quantity of 
manganese dioxide to the medium before autoclaving, bv 
inclusion of 1% starch or by separate sterilisation of 
the agar and nutrient components of the medium. These 
modifications were made on |-NA and CDA, and were used to 
make counts from a chromobacterium suspension. There was 
no major difference between the modified media and the 
normal ^NA and CDA, which could not be attributed to 
chance or alteration of the nutritional status of the 
media, except that manganese dioxide was toxic in the 
quantities used. Despite Sneath1s observation that the 
”Catalase Effect” occurs in psychrophil, as well as the
mesophil, it was not clearly demonstrated in this case.
It is possible that primary isolation from water on auto­
claved laboratory media selects for strains less sensitive 
to the peroxides; and in that case, the strains used may 
have been atypical. However, those used by Sneath may also 
have been isolated in this way.
Comparison of l/lONA, JNA and NA revealed that JNA 
gave better growth and pigmentation of chromobacteria than 
l/lONA, and NA gave no improvement. Quarter strength NA 
was therefore chosen as the basis for CDA and CDCA.
Of a large number of chromobacteria isolated on J-NA 
few strains have been unable to grow on CDA. Sneath (1960) 
reported a colistin sensitive strain of C.lividum and 
Ognibene et al. (1970) reported a colistin sensitive river 
isolate of C.violaceum. Of the 7 C.violaceum strains 
tested, all grew well on CDA, but it is necessary to accept 
the existence of strains of Chromobacterium which are 
selected against. This is undoubtedly the case with all 
selective media. However, as sampling techniques and the 
plate count method itself are well known to be selective, 
we must accept the best tools at our disposal and appreciate 
their limitations.
These media have proved invaluable in the investigation 
of the sources and occurrence of chromobacteria and will 
hopefully prove of use in the future, including work with 
mesophilic strains, which occur in similar environments 
in warmer climates (Minett, 1913; Morris, 1954; Johnson et 
al., 1971) and have additional importance as pathogens. 
Gould, Lynch & Hime (1974) compared a number of non­
select ive media for the isolation of chromobacteria and
found that, "....overgrowth by moulds and by other soil 
bacteria rendered it (plate count agar: PCA) unsatisfactory 
for use with a soil inoculum’1 This illustrates the need 
for a selective medium for the isolation of chromobacteria, 
and the need is still greater when investigating their 
numbers in various environments.
It may be possible to increase the selectivity further 
by addition of further antibacterial substances, eg. ; 
ampicillin. However, it is desirable to use the minimum 
degree of selectivity required to obtain satisfactory 
results, as this must allow the closest possible estimate 
of the actual population, and minimise the possibility of 
inhibiting some strains of chromobacteria. Another important 
limitation to an accurate estimation of their numbers in 
nature is the possible existance of non-pigmented strains 
which would not be counted unless each white colony growing 
on separate plates was individually identified by biochemical 
tests. Stout (196b) found that the distribution of 
C.lividum in New Zealand soils was very irregular and felt 
that this may reflect uncertainty of pigment production, 
achromogenic strains being more widespread than pigmented 
strains. He pointed out that "such a possibility underlines 
the taxonomic difficulties of bacterial ecology." In the 
absence of pigment, chromobacteria may be thought to belong 
to groups such as aeromonads, vibrio, agrobacteria or 
pseudomonads (Sneath, 1966). Recent work by Sivendra, Lo & 
Lim (1975) on C.violaceum indicates that non-pigmented 
strains of this species may be widespread in nature. They 
have devised a scries of identification tests which are
independent of violacein production, and although they 
worked exclusively with the mesophil, they point out that 
non-pigmented strains of C.lividum can probably be 
isolated from nature. These findings reinforce the view 
that this, and all other, quantitative investigations of 
bacterial distribution represent only a proportion of the 
true population.
Similarly, use of the term "total count", as used in 
this thesis, must be qualified. No cultural counting 
technique will support the growth of all species. This 
is reflected by the massive discrepancies in estimates of 
total bacterial numbers between cultural and direct counting 
methods (Burman, 1963) (see page 170 for more detailed 
discussion). The wold ’total1 as applied to bacterial 
numbers, in this thesis, describes that part of the 
bacterial population capable of growth on zNA, and having 
been selected by the limited techniques used.
Ill EXPERIMENTS o n  s a m p l e t r e a t m e n t
MATERIALS & METHODS
Storage of River Water Samples at 4°C.
A one litre, mid-stream sample was taken in a 
soda glass bottle, from River Wey and stored at 4°C. 
Chromobacteria (CDA) and total (JNA) spread-plate counts 
were made from this sample after 2, 26, 50 and 168 hours 
from sampling. Plates were incubated at 25°C in daylight.
Effect of Diluent pH on Soil Counts
A range of filter sterilised buffer solutions were 
prepared, from pH5 to 10.6. A piperazine/HCl system was 
used for pH5 to 6 and pH9 to 10.6 (at 20°C), and a Tris/HCl 
system for pH7.2 to 9.0 (at 23°C), as follows:
BUFFER SOLUTIONS (as described in Geigey Manual). 
Reagents ••
Piperazine hydrate (6H20) as 1-molar aqueous solution. 
Tris (hydroxy methyl) amino methane as 0.2-molar 
aqueous solution.
Hydrochloric acid as 0.3-N solution.
ml of reagents: made up to 100 ml with water
0.2-M Tris(23°C) : 1-M Piperazine
(20°C)
-  5
5
25 -
25 
25 
25
25 -
5 
5 
5
—  5
Two grams (wet weight) of a soil sample were added 
to 100 ml quantities of the buffer solutions, and also to 
100 ml of distilled water. They were mechanically shaken 
for 15 minutes and left to stand for 1 minute. Serial 
dilutions (10° to 10"^) of the supernatant, in distilled 
water, were spread on to plates of CDA and JnA, in 
quadruplicate. The pH of each supernatant was checked 
using a pH meter. The soil suspensions were allowed to 
settle, undisturbed, for 48 hours after which the opacity 
of each supernatant was measured with an EEL neph^lometer. 
The dry weight of the soil used was estimated (see page 119
Effect of Sample Treatment on Soil and Sediment Counts
Two river sediment samples (in 1 litre of river water) 
and a soil suspension (20g of wet soil in 1 litre of dist­
illed water) were mechanically shaken for 10 minutes.
pH 0.IN HC1 :
5.0
00o
00
6.0 61.8
7.2 44.7
7 06 39.3
8.0 27.9
00 a O' 13.0
9.0 5.3
9.0 43.2
9.6 30.8
10.0 19.4
10.6 6.9
Three 100 ml aliquots (X,Y & Z) were then removed from 
each sample and treated as follows:
Aliquot X was left to settle for 1 minute and then 
inoculated onto CDA by the spread-plate technique 
(see page 71).
Aliquot Y was left to settle for 20 minutes and 
then spread onto CDA.
Aliquot Z was centrifuged for 10 minutes at 1000 
r.p.m. and then spread onto CDA.
Counts of normal river water, similar to that taken 
with the sediment samples were made on CDA. After 
incubation chromobacterium and non-chromobacterium colonies 
were counted on all CDA spread plates.
Exposure Plates
Plates of CDA, CDCA and JNA were periodically 
exposed on the laboratory bench for periods of 1 to 20 
hours, and after incubation any chromobacterium colonies 
were noted.
EXPERIMENTAL and RESULTS
Storage of River Water Samples at 4°C
Plate counts from a river water sample, stored at 
4°C were made periodically up to 168 hours from sample 
collection. The total (JNA) count revealed a 3-fold 
increase within the first 26 hours (Table 20; Fig 6), which
TABLE 20
The Effect of Storage of a River Water Sample, at 4°C, 
on Chromobacteria and Total Counts
Hours of Storage Chromobacteria 
cfu/ml (CDA)
Total
cfu/ml (JNA)
0 54.7 0.95 x 105
26 126 2.71 x 105
50 217.5 0.79 x 105
168 210.6 0.23 x 105
Total count
Chromobacteria count
•o
,1.0 ICC
• r l
l-l
rH
%0
Hours of storage at 4 C
Fig 6 Graph based on results in Table 20
seemed to be mainly due to the proliferation of a white, 
butyrous colony forming bacteria. The initial increase 
in count was followed by an equally rapid decrease.
Although the increase in chromobacterium count was less 
dramatic, after.50 hours the number had quadrupled and 
seemed to stabilize at this level.
Effect of Diluent pH on Soil Counts
Soil was shaken with a series of buffered solutions 
ranging from pH5.0 to 10.6, and chromobacteria, total 
counts and turbidity measurements were made on the super­
natant. Table 21 shows the results obtained. No relation­
ship could be seen between the chromobacterium count and 
diluent pH, which was probably due to the very low 
numbers present in the soil used, as illustrated by the 
count in distilled water.
Although total (JNA) counts were fairly high in each 
supernatant, there did not appear to be any relationship 
between count and diluent pH. As can be seen in Fig. 7 
(total count vs. diluent pH) there were two peaks in count 
at pH6.5 and 10.0, with low points at about pH5.5, 8.0 
and 10.5. As total counts at pH6.5 in piperazine/BCl 
buffer and at pH7.4 in Tris/B21 buffer were comparable 
with that in distilled water, it can be concluded that 
piperazine and Tris were not seriously toxic at the 
concentrations used.
A clear linear relationship could be seen between 
turbidity of supernatant and pH. Figure 8 (log. turbidity 
v diluent pH) shows that there was an increase in turbidity 
with increasing pH. The turbidity was measured after the
TABLE 21
Tho Effect of Diluent pH on Chromobacterium and Total Counts*■> and Turbidity** of 
the Supernatant of Soil Suspensions
pH Chromobacteriura 
count in 
supernatant
Total count 
(on g-NA) in 
supernatant
Turbidity of supernatant 
measured on nephaloraeter
estimated actual cfu/ml cfu/g 
(dry at)
cfu/ml cfu/g 
(dry at)
reading Log. of reading
Dist H20 6.95 3.75 163 1.67xl05 0.72x10' 31 1.4886
5 5.43 0 - 0.43xl0S 0.19xl07 9 0.9445
6 6.48 1.25 - 2.65xl05 1.14xl07 26 1.4150
7.2 7.45 1.25 - 1.47X105 0.64xl07 47 1.6758
7.6 7.70 7.5 - 0.97xl0S 0.42xl0? 51 1.7076
8 8.30 2.5 - 1.03xlOS 0.45xl0? 58 1.7634
8.6 8.63 0 - 1.83xlOS 0.79xl07 66 1.8176
9 9.10 0 - 2.03xl0S 0.88xl07 67 1.8235
9 9.10 1.25/0 - 1.43xlOS 0.62xl07 63 1.7924
9.6 9.79 0 - 1.57xlOS 0.68xl07 66 1.8162
10 9.98 0 - 3.57xlOS 1.52xl07 73 1.8603
10.6 10.52 0 - 1.67xlOS 0.42xl07 84 1.9243
* bacterial counts made on supernatant after soil suspension allowed to settle for 1 ainu
** turbidity measured after soil suspension allowed to settle for 48 hours 
A piperazine/HCl buffer system used 
B Tris/HCl buffer system used
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Fig 8 Effect of diluent pH on turbidity of supernatant
of soil suspensions, measured with a nepn^lometer»
soil/diluent mixtures has been left to stand for 48 hours 
and in fact the supernatants at higher pH values were 
still turbid after 2 weeks standing.
Effect of Sample Treatment on Soil and Sediment Counts
A soil sample suspended in distilled water, and 2 
river sediment samples (taken with river water), were 
shaken and 3 x 100 ml aliquots of supernatant were taken 
from each sample. Table 22 shows the effect of 3 different 
treatments on the apparent chromobacterium and non­
chromobacterium counts (on CDA) of these supernatants. 
Although the numbers of chromobacteria in the soil and 
sandy sediment were too low to be significant, treatment X 
(supernatant left to stand for 1 minute) gave the highest 
count of chromobacteria in the organic sediment, and of 
non-chromobacteria in all samples. Treatment Y (aliquot 
left to stand for 20 minutes) gave lower counts, but 
consistantly higher than those of the centrifuged super­
natant (treatment Z).
Exposure Plates
Chroraobacterium colonies were never observed on 
exposure plates of any of the media used. Fungi were the 
predominant forms (eg. Aspergillus spp, Penicillium spp and 
Mucorales), although some bacteria ^mycoides* type) and 
yeast (eg Rhodotorula sp) colonies did appear.
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DISCUSSION
Experiments designed to investigate certain aspects
e
of sample treatment were carried out and routing procedures 
were altered accordingly©
glass bottle, marked and rapid changes occur in both total 
(JNA) and chromobacterium (CDA) counts© The total count 
increased rapidly over the first 24 hours, followed by a 
decrease over the subsequent 6 days, to a level markedly 
lower than the original (at 2 hrs). The count of chromo­
bacteria likewise increased, but over a longer period, and 
numbers appeared to stabilize.
This phenomenon is probably analogous to the "Zobell 
Effect” described by many workers, from early days (Whipple, 
1901; Prescot & Winslow, 1931; Zobell & Anderson, 1936; 
Lloyd, 1937) and reviewed by Zobell (1943, 1946)© Whipple 
(1901) considered the increase of bacterial count in stored 
water to be related to oxygen availability, but Zobell & 
Stadler (1940) showed that this was not the case© Fred et 
al.(1924) and Waksman & Carey (1935) thought that such 
increases in bacterial count were due, at least in part, to 
an alteration of the natural balance of life, such a^ death 
of protozoan predators. Zobell & Anderson (1936) and Lloyd 
(1937) observed that the magnitude and rate of increase in 
bacterial numbers was related to the ratio of water volume 
to surface area of vessel. Zobell (1937, 1943) and Stark, 
Stadler & McCoy (1938) suggested that dissolved nutrients 
were adsorbed and hence, concentrated on the vessel surface, 
which promoted bacterial growth. Taylor & Collins (1949)
During storage of river water at 4°C, in a 1 litre
found that soda glass vessels were better than nylon or
polythene for sampling lake water, since the growth rate
was lowest on glass, although silica was the best material0 
5
Substance^ which stimulate this type of surface growth 
include glass, plastics, porcelain, sand, clay minerals, 
kieselguhr, talc, asbestos and calcium phosphate (Brock, 
1966).
The increase of total count appeared to be due mainly 
to proliferation of one or a few strains, since most 
colonies on JNA were of a similar type, and plate counts 
lacked the normal variety of colony morphology usual on 
river water plate counts# The subsequent decline in 
their numbers may have been due to depletion of nutrients, 
or oxygen, or accumulation of toxic waste products# The 
chromobacteria were not influenced by the same limiting 
factors as the majority of the bacterial population, since 
a fairly stable population, about 3 times that at 2 hours 
from initial collection of the water, was maintained 
concurrent with the decline in total count#
The implication of these observations is that gross 
inaccuracy would occur in 1 litre water samples, since the 
bacterial numbers doubled after only l*2^hmirs storage, even 
at 4°C. Overcoming the problem by taking very large samples 
was impractical, and so bacteria in water samples were 
routinely counted within 1 or 2 hours of collection# It 
was assumed that this surface effect would not apply to 
soil and sediment samples, although these too were always 
processed within a short period of collection#
Based on a personal communication from Mr P. J. Southgat 
(University of Surrey) concerning the increase in counts of
soil coryneforms with increasing diluent pH, an 
experiment was undertaken to test this effect on soil 
chromobacteria and total counts« Using the Geigey Manual 
(Buffers for Biological Media), 2 buffer systems were chosen 
which, between them, gave a range of pH5 to 10.6, ie. Tris/ 
HD1 and piperazine/HCl. It was hoped that these would not 
be toxic at the concentrations used, and unlike citrate/ 
phosphate, would not serve as nutrients and be rapidly 
degraded by the soil bacteria. The unavoidable differences 
in the chemical effect of these systems, on the bacteria to 
be counted, complicated assessment of the effect of pH itself
The soil used contained very few chromobacteria, but 
it was only at pH values close to neutral that counts were 
obtained. Total counts showed 2 peaks at pH6.5 and 10, 
and a low point at pH8, but the lack of continuity due to 
use of 2 different buffer systems makes generalisations 
difficult. No toxic effect was apparent, with either system, 
since counts were comparable with that using distilled water 
alone, and in some cases higher.
A direct linear correlation was observed between 
turbidity and pH (as observed by P. J. Southgate). At 
high pH values the supernatant remained permanently turbid 
after shaking of soil suspensions, while at low pH values 
particle settlement was very rapid, leaving clear super­
natant .
Sedimentation rate of small particles is in part due 
to their charge properties, and colloidal particles are 
always charged (Mason, 1958). Peele (1936) showed that 
the presence of monovalent cations caused low adsorption 
of fine particles to soil particles, although anions have
little effect (Boyd et al., 1969). Adsorption of fine 
particles to larger ones would markedly affect the rate 
and amount of clearing of a soil suspension, since in a 
situation of high adsorption fine particles would be 
sedimented more effectively. Cutler (1919) noted that 
microorganisms shaken with a suspension of soil were 
carried down as the soil particles sedimented. Adsorption 
of microorganisms by soil has been well studied in the 
USSR, since the pioneering work of Khudyakov and others.
The amount of adsorption depends on the type of soil 
(Minenkow, 1929), type of bacterium (Khudyakov, 1926), 
temperature (Novogrudskiy, 1937), and finer soil constituents 
have more adsorptive power (Dianowa & Woroschilowa, 1925; 
Sukachev & Dylis, 1964). Karpinskaja (1926) also found 
size of particles to be important, with very fine particles 
adsorbing to bacteria. Peele (1936) showed that the 
phenomenon was due to attraction of unlike electrical 
charges, bacteria being negatively charged, although the 
strength of this charge varied with species and pH of 
the culture medium. One of the main factors influencing 
adsorption of bacterial cells is pH of the suspending 
solution (Tschapeck & Garbosky, 1950; Boyd et al., 1969).
The many properties of the solution, bacteria and soil, 
which exert effects on this adsorption have been discussed 
in some detail by Zvyagintsev (1962).
It is likely, therefore, that diluent pH has a major 
effect on bacterial counts of soil. Indeed, P. J. Southgate 
(personal communication) found that soil coryneform counts 
increased with increasing diluent pH. This may be analogous 
to the non settlement of fine soil particles at higher
diluent pH values, described previously, since bacteria 
are expected to behave in a similar way to other charged 
particles. At low pH it is likely that bacteria are 
adsorbed onto soil particles and sedimented out. As 
spread plates are prepared using the supernatant, apparent 
counts would be lower at low pH values.
The pH may affect viability as well as sedimentation 
of bacteria, and observations must represent an interaction 
of these various factors. Bacteria generally prefer pH 
values around or slightly below neutral and are inhibited 
or killed at extremes. It was decided that diluent of 
neutral pH would be most suitable (ie. distilled water) as 
this would not have a toxic effect, and by using this as a 
standard procedure soil counts would be comparable.
An experiment investigating the treatment of shaken 
soil and sediment suspensions, for plate counts, revealed 
that bacterial counts were related to the degree of 
sedimentation of soil particles after shaking. This seemed 
to be the case with total counts in all three types of soil/ 
sediment used, although it was only in the case of the 
organic sediment that the count of chromobacteria was 
sufficiently high for the effect to be observable upon this 
species alone. Despite the fact that the rate of centri­
fugation was set at a level which would not deposit a 
bacterial suspension, this treatment was very effective in 
reducing counts. It seems that, as in the case of the 20 
minute stand sample, precipitation of suspended particles of 
soil or sediment serves to deposit the bacteria also. One 
minute of standing gave significantly higher total counts 
and also chromobacterium count in the organic sediment sample.
Similar observations were made by Gainey & Lord (1952),
who stated, "As silt settled it acted more or less as a 
filter screen and carried down with it small particles."
They cited reports by various other workers concerning 
sedimentation of bacteria in standing or nearly standing 
waters.
As described previously, sedimenting soil particles 
are known to remove bacteria from the supernatant by 
adsorption and subsequent deposition. Minenkow (1929) 
reported that this effect varied with different soils and 
this was partly due to varying proportions of particle 
sizes. Fine particles such as clay adsorb strongly while 
large particles (eg. 0.05 to 1.0 mm diameter) have virtually 
no adsorptive power (Sukachev & Dylis, 1964). Certainly, 
the organic sediment and soil gave a higher order of 
reduction after sedimentation than did the sandy sediment.
It is possible that this phenomenon is selective.
Small motile bacteria and those with low surface charge 
may be less readily adsorbed, while large chain-forming, 
highly charged and possibly encapsulated species may be 
deposited more rapidly. Zvyagintsev (1962) pointed out 
that the rate of adsorption varied with species, strain, age 
of culture and differences in culture medium.
To obtain highest possible bacterial counts and hence 
the nearest approximation to the actual numbers present in 
soil and sediment samples, shaken suspensions were allowed 
to stand for 1 minute only, as routine practice. This 
allowed sedimentation of large particles which would confuse 
colony counts, if spread onto the surface of agar plates.
Exposure plates periodically opened in the laboratory
did not detect Chromobacteriunijspp. as an airborne 
contaminant, and no reference to such could be found.in 
the literature. A few colonies of spore-forming bacteria, 
and yeasts appeared, although dry spored fungi were the / 
predominant form present.
IV FIELD WORK
MATERIALS & METHODS
• River Water 
1A Sampling:
River water samples were taken in 500 or 1000 ml 
sterile soda glass bottles, from mid-stream flow. To avoid 
contamination the necks of the bottles were faced into the 
flow, 6 inches below the surface, and they were completely 
filled. Based on previous findings, (see Expts. on Sample 
Treatment) river water was routinely processed within one or 
two hours of sampling, or where a delay of up to four or five 
hours was unavoidable, samples were stored at 4°C.
IB Spread-plate Counting:
The normal spread plate method was used, as described 
bv Jones (1970). Before planting, about 10 ml of sample was 
poured from the bottles, which were shaken 20 times. They 
were then left to stand for one minute to allow settlement 
of large and heavy particulate matter, after which dilutions 
were prepared (5 ml in 20 ml; and 10 ml in 90 ml) as required 
in sterile demineralised water, shaking 20 times between each 
dilution. Water for dilutions was dispensed, after sterilis­
ation, with a sterile Cornwall Syringe into sterile bottles 
to avoid the loss of volume (of up to 5%) which occdrs during 
autoclavinq of fluids in sealed bottles.
Chromobacteriura counts were carried out on CDA in 14cm 
sterile polystyrene petri-dishes (Sterilin). Freshly prepared
plates of CDA were predried in a sterile air blower 
cabinet (Hepaire or Bassaire) for between 10 and 30 minutes. 
(depending on the quantity of the inoculum). This method 
of drying (rather than by heat) avoided inactivation of the 
colistin, which is a thermolabile polypeptide, in the CDA.
Due to the selectivity of the medium, it was usually unnecess­
ary to dilute river samples and up to 0.5 ml of river water 
was pipetted onto each of 5 or more replicate plates, and 
spread with sterile glass spreaders. Spreaders were sterili­
sed with alcohol and flaming. More replicates and larger 
inocula were used where chromobacteria were likely to be few 
(eg. spring water and oligotrophic river water). Chromo­
bacteria colonies (purple) were counted after 6/7 days 
incubation at room temperature, in daylight (sunlight or 
bright daylight were avoided).
Total counts were carried out on ^NA in 9 cm plastic 
petri dishes (Sterilin). These were predried and spread 
with 0.1 ml of 10“ 2 and 10“2 dilutions (and, 10""* or 10"^, 
where necessary). Four replicate plates were prepared, as 
recommended by Clark (1967). The total numbers of colonies 
growing on the plates were counted after 9 or 10 days 
incubation at room temperature. Only plates containing less 
than 150, and usually 50 to 100, colonies (per plate) were 
counted, (Fisher, Thornton & McKenzie, 1922).
Other Water Samples
Samples such as lake water inflows, outflows and 
spring water, were taken in a similar way to midflow river 
samples, although minor modifications were sometimes 
necessary. However, care was always taken to avoid contam-
iiiation, and samples were processed within a few hours 
of collection.
River Sediments 
3A Sampling:
Semi-quantitative samples of sediment under shallow 
flowing water were taken by disturbing the sediment surface 
with a sterile glass rod and collecting water and suspended 
sediment in a 1 litre sterile bottle positioned immediately 
below the disturbed area. Samples obtained in this way 
contained about 10 to 20g (dry wt) of sediment per litre of 
river water. This method served to indicate the presence or 
absence of chromobacteria in sediments by comparing the count 
with a parallel sample of river water containing no sediment.
3B Spread-plate Counting:
Plates of CDCA (for chromobacteria) in 14cm petri- 
dishes, were predried as for river water spread plates. 
Sediment samples ( + water) were shaken on a rotary shaker, 
for 30 minutes and then left to stand for 1 minute to allow 
precipitation of larger particles in the silt. Dilutions, 
inoculation and incubation were as described for river water 
samples. Parallel total counts were also made on JNA.
Soils
4A Trowel Samples:
Surface samples were taken with a sterile trowel and 
approximately 200 to 300 g of soil, from several different 
points in an area of 1 sq metre. They were placed in sterile 
polythene bags which were sealed immediately. Samples were
used within a few hours of collection, and were stored at 
4°C until use. For dilujf^ent planting see 4D,
4B Core Samples:
Sub-surface soil and soil profiles were sampled with 
a sterile 3.5cm core sampler, which was rinsed and resteril­
ised by alcohol' and flaming, before each sample. Samples 
were extruded onto sterile aluminium foil (Bacofoil) and 
wrapped and bagged until plating out. In the laboratory, 
the core samples were unwrapped and flamed, as partial^!? 
surface ster5.1isation. The core was then split lengthwise 
with a sterile scalpel and soil, removed from the centre, was 
used to prepare dilutions for spread plates.
4C Rhizosphere Samples:
Rhizosphere samples were collected by uprooting a 
number of plants and shaking the soil, attached to the roots 
into a sterile polythene bag. The bags were sealed until 
dilutions and spread plates were prepared.
4D Soil Spread Plates:
Soil samples were homogenised by vigorous shaking.
20g of this soil was placed in 1 litre of sterile demineral­
ised water and shaken mechanically for 30 minutes. After 
standing for 1 minute, 5 and/or 10-fold dilutions of the 
supernatant were prepared in sterile water. Chromobacterium 
counts were obtained by spreading up to 0.5 ml of undiluted 
suspension on predried CDCA plates, using 4 or more replicates. 
Total counts on JNA were also carried out. CDCA plates were 
incubated for 6 to 7 days, and JNA plates for 9 to 10 days 
at room temperature, before counting. Dry weights of soils 
were estimated (See 7 page 119) and counts were expressed as
colony forming units per gram of dry soil (cfu/g dry soil).
Soil Water
5A Surface Water Samples:
Water flowing over the surface of soil during heavy 
rain was sampled. A stainless steel plate with a spout 
primarily designed to take percolation samples, and referred 
to as Wedge I (See Fig. 9) was placed in the course of a 
run-off flow so that the water flowed onto the plate and
thence to a sterile sample bottle. The plate was so positioned
\ .
that the sharpened edge penetrated about O.Scms of the soil 
surface. The water flowing down was not collected for about 
3 minutes to allow any loose soil particles dislodged by 
insertion of the plate into the soil to be washed away. 
Resultant water samples were screened as for river water 
samples.
5B Wedge Samples:
Two stainless steel plates, referred to as Wedge I 
(small) and Wedge II (large) were used to sample water 
percolating through the soil. The plates were rectangular 
with the sides bent up to make a channel. One end was 
tapered and equipped with a spout to concentrate water flow­
ing along the plate surface, and the other end was sharpened, 
(See Fig 9, Plate 1).
A portion of nearly vertical river bank (with over­
hanging undergrowth to conceal the apparatus) was selected 
and a vertical face was prepared, with a trowel. The wedge 
was then hammered, sharpened edge first, through the vertical 
face until only the tapered end and spout were protruding.
The Wedge was angled about 10° from horizontal, with the 
spout end lower, so that percolation water coming into
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PLATE 1 Wedge Sampler I, with Collection Tube and Bottle.
contact with the impermeable stainless steel would flow 
towards the spout, A sterile bottle was attached to the 
spout by a short length of plastic tubing. When the Wedge 
was set in place care was taken to wash all loose soil from 
the spout, with sterile water, and a piece of foil was 
inserted into the soil to stop water or soil from the 
surface contaminating the sample. Since the Wedge was 
installed just above river level, the bottle could be suspen­
ded in and cooled by the river water (winter temperature of 
2 - 6°C), Every 2 days the bottle and tubing were replaced, 
and after periods of heavy rain any water collected was 
plated out on CDA and JNA plates as described for river 
water.
Meteorological and Other Measurements
A record of the temperature and river depth was 
made whenever water samples were taken, pH and 02 saturation 
were occasionally measured. Rainfall was measured every 2 
days at Guildford for a period of almost 1 year, and records 
of daily rainfall, at Guildford, for the whole period of 
sampling was obtained from the Meteorological Office, Other 
factors likely to influence samples were also noted.
Dry Weight Estimation 
7A Suspended Silt:
After bacteriological screening was completed 
sediment samples were filtered through Whatman No:l filter 
paper which had been previously weighed. The filtered silt 
was dried at 105 - 120°C for 3 or more days, and then weighed,
7B Soils:
One hundred grammes of fresh soil in a crucible was
dried at 105 - 120°C for more than 3 days. The water 
content could then be calculated (expressed as % age) and 
bacterial numbers expressed as colony forming units per 
gramme of dry soil (cfu/g dry soil),
8, Estimation of Suspended Matter in Water Samples
The turbidity of some samples was measured with an 
Eel Neph^lometer, distilled water and two agar samples to 
standardise the instrument,
Suspended Silt content of water was measured by 
filtration and dry weight estimation of the deposit*
Suspended particle content was thus expressed as mg dry 
silt/litre of river water,
9. Sample Sites
Routine weekly and later, fortnightly samples were 
taken at Eashing Bridge and Guildford (Walnut Tree Close),
These sites and others used along the whole length of 
River Wey are shown on Map A. A larger scale map (Map B) 
shows sample points used in a number of sample trips in the 
vicinity of the source of the River Wey, Map C shows sample 
points for soils, sediments, river water and other types on 
and by River Wey between Eashing and Godalming. A larger 
scale map (Map D) shows similar sample sites at Eashing Bridge. 
Sample Sites used in a sampling tour of rivers of S. W, England 
are shown in Map E.
10. Statistical Analysis
Using an Olivetti Programma 101 calculator correlation 
coefficients were calculated for various paired data derived 
from routine bacterial counts (from Guildford and Eashing 
sample sites) and other linked measurements of the River Wey,
WET SAMPLES
1. Main source (A1A1)
2.Lye Wood(B1.)
3.North Side Copse(C)
4.West of Mill(D)
5.Cainelsdale
6.Haslemere Cemetery'- 
7#Grillhams Farm
8,Hewshott House(west)
9.Radford Bridge
10.Headley Ford
11.Huntingford Bridge
12.Frensham Mill
13. Frensham Priory
14. Tilford-R. Wey proper 
15•Tilford-North Branch
16.Elstead Bridge
17.Eashing Bridge
18.Broadford Bridge
19. Guildford
20.Send-Whitehouse Farm 
21 .Send-Runtleywood Farm 
22eOld Woking
23.Pyrford
24, Wisley ( ups tream)
25 • Wisley ( downstream) 
26.Byfleet
27 • Weyhridge
28 .Weybridge(end of canal)
! 0TNER: SAMPLES
29• Weyhridge(Thames)
30.Secondary source 
of R. Wey 
31*Shalford(sewage outflow) 
32.Stanford Brook 
33.Burphara
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Correlation coeffs were calculated between the following 
variates:
(i) Chromobacteria count (Guildford) with total rainfall for
1 day prior to sampling 
(ii) Chromobacteria count (Guildford) with total rainfall for
2 days prior to sampling 
(iii) Chromobacteria count (Guildford) with total rainfall for
3 days prior to sampling
(iv) Chromobacteria count (Guildford) with total rainfall for
4 days prior to sampling 
(v) Chromobacteria count (Guildford) with total rainfall for
5 days prior to sampling 
(vi) Chromobacteria count (Guildford) with total rainfall for
7 days prior to sampling 
(vii) Chromobacteria count (Eashing) with river depth.
(viii) Chromobacteria count (Eashing) with river temperature.
(ix) Chromobacteria count (Guildford) with river temperature.
(x) Total count (Eashing) with chromobacteria count,
(xi) Total count (Guildford) Tl " " .
(xii) Total count (Eashing) with river temperature.
Means for both variates were also noted. Correspondingly 
levels of significance were estimated using statistical 
tables.
EXPERIMENTAL & RESULTS
1. River Water
1A Routine Sampling:
The River Wey was sampled regularly (weekly at first
and later, fortnightly) for a year at Eashing Bridge (ie.
Map A, 17; Map c, 1) and Guildford (ie. Map A, 19)• The 
number of chromobacteria was estimated using the spread- 
plate technique on CDA and total counts on |;NA0 The depth 
of the river and temperature of the water were measured 
and noted whenever river water samples were collected.
The Wey is an unpolluted river about 90 km in length.
In the area of the Eashing sample site (See Plate 2) the 
river mainly has a bed of sandy silt and is about 1 to 1.5 ra 
deep, although at the sample point itself it is somewhat 
shallower with a gravel bottom. At the Guildford sample 
point (Plate 3) about 14 km further doivnstream the river is 
markedly slower and turbid with a muddy silt bed. The river 
at Eashing has not flowed through any large settlements, 
although the rather polluted North Branch of the Wey, flowing 
from a large town (Farnham) joins about 12 km upstream. On 
the other hand, at the Guildford site the river has flowed 
through two large settlements (Godalmina and Guildford).
Table 23 gives the results of routine chromobacterium 
and total counts, river depth and river temperature at the 
Eashing and Guildford sample points. Daily rainfall measure­
ments for Guildford were supplied by the Meteorological Office 
At Guildford chromobacterium counts varied from 1.2 cfu/ml in 
August 1973 to 1026 cfu/ml in January 1974, and similar 
fluctuations occurred at Eashing. When expressed graphically 
(Fig 10) ie. log chromobacterium count/ml, log total count/ml, 
river temperature and daily rainfall, certain patterns emerged 
Chromobacterium counts from both sites followed very similar 
trends, major differences being largely due to absence of a 
result from one series. They seemed to show a seasonal
PLATE 2 Sample Point at Eashing Bridge.
PLATE 3 Sample Point at Guildford.
Wey Samples Collected at Eashing(E) and Guildford (G).. I^iver 
Temperature and River Depth are also shown. '
Date
of
.sampling
Chromobacterium 
count(cfu/ml)
E . - G
Total count 
(cfuxlO /ml) 
E G
River 
temp.( C) 
E G
River 
depth(cm)
E G
Oct 1972 - ■ - 2.0 - -
13.12.72 556.0 - 4.2 9.0 9.0
8. 1.73 -  . - - 2.3 5.5 .5.8
12. 1.73 - 86.7 - 2.1 5.5 5.8 : - -
1. 2.73 - 217.0 — 3.9 6.0 6.0 -
20. 2.73 - - - 4.0 7.0 7.0 - ■ -
28. 3.73 - 30.0 - 5.1 7.0 7.0 / - -
8. 5.73 .118.3 - 1.6 — 10.0 10.5 - -
5. 6.73 33.0 - - - 16.5 17.0 - -
13.'6.73 12 *5 2.5 - - 18.5 18.5 39 26
18. 6.73 6.0 2.0 - - 20.0 22.0 37 25
20. 6.73 11.0 29.0 6.0 5 7.55 15.0 17.5 47 35
25. 6.73 5.8 5.8 - - 17.0 18.0 - ■ -
11. 7.73 5.0 8 .0 Oi 32 0.78 17.6 18.0 4i 27
16. 7.73 38.6 94.0 3.80 7.50 18.5 18.0 49 33.
24. 7.73 5.0 - - - 14.0 - 44 -
27. 7.73 4.7 7.3 - - 15.0 16.0 41 27
1. 8.73 2.4 1.2 1.72 2.05 18 .0 19.0 45 33
8. 8.73 4.2 6.6 4.63 3.63 16.0 16.0 45 35
31. 8.73 2.0 1.6 1.44 0.73 14.0 15.5 43 -
18. 9.73 2.0 3.6 0.98 0* 71 14.0 16.0 39.5 -4
25. 9.73 8.8 7.8 1.01 o* 31 12.0 13.0 42.5 28
2.10.73 12.25 9.2 0.61 0.97 10.5 11.0 46.5 33
9.10.73 13.0 17.0 1.14 2.01 12.0 13.5 45 31
16.10.73 22.1 16.0 2.10 1.76 10.0 10.0 47 37
23.10.73 - - - - 9.5 - 46 -
31.10.73 10.9 8.5 3.55 2.55 8 .0 8.5 46 15.5
6.11.73 63.0 - 1.92 -  . 7.5 - 47 -
13.11.73 60.0 24.0 1.47 1.50 7.5 7.5 45 25
27.11.73 95.3 48.7 0.86 1.11 2.5 3 .o 41 32
7.12.73 50.0 - 0. 62 - 5.0 - 45 -
8.12.73 99.0 - - - 6.0 - 48 -
9.12.73 76.0 - 1.36 - 4.0 - 46. -
11.12.73 55.0 88.0 0.95 7.28 4.8 4.0 44 -33
13.12.73 64.0 - 0.74 — 5.0 - 44 -
18.12.73 39.0 70.0 0.34 0.48 3.5 3.8 43 29
•Table23 continued on following page
Table 23 continued
Date
of
sampling
Chromobacterium 
count(cfu/ml) 
e ' g
Total count 
(cfu xlO^/ml) 
E G
River 
temp.(°C) 
E G
River. 
depth (cm) 
E G
2. 1.74 90.0 156.7 0.42 0.71 4.0 4.0 39 32
9. 1.74 972.0 - 7 .10 - 6.0 . - 104 -
15. 1.74 181.0 178.0 2.11 1.56 8.5 8.0 83 33
23. 1.74 - 102.0 - 1.57 - 7.5 - 32
29. 1.74 492.0 1026.0 4.50 6.93 6.0 6.5 100 43
12. 2.74 174.7 189.0 3.65 6.68 7.0 7.0 240 147
26. 2.74 67.5 59*1 1.30 1.30 6.8 6.2 66 35
1. 3.74 50. 6 - 1.13 - 6.0 - - -
4. 3.74 - 158.0 - 1.06 - 6.0 - 38
12. 3.74 68.0 202.4 2.64 2.68 5.8 6.0 62 26
26. 3.74 29.6 45.3 2.40 3.01 9.5 9.5 46 33
9. 4.74 88.0 54.7 0.87 0.85 10. 2 10.5 44 32
23. 4 74 72.6 49.5 0.72 0.92 9.0 .10.0 45 28
30. 4.74 , - - - - 9.0 10.0 46 42
2. 5.74 49.3 40.7 - - 10.0 11.0 48 23
7. 5.74 53.8 34.6 1.54 3.69 9.5 10.5 47, 34
21. 5.74 20.0 12.5' 1.64 0.74 15.0 16.0 - -
4. 6.74 36.2 12.8 0.53 0.62 14.0 10.0 45 33
18. 6.74 19.0 6.1 4.23 1.70 16.0 18.0 44 32
26. 6.74 168.0 37.6 5. 60, - 15.0 16.0 47.5 33
2. 7.74 23.3 13.3 2.20 2.75 14.5 16.0 45 30.5
16. 7.74 20.0 8.5 0.89 1.53 14.0 15.0 48 31
30. 7.74 6.5 2.0 1.15 1.26 16.0 17.5 48 28
10.10.74 — 111.0 — 0.88 — 9.5 — —
- data missing.
----la
is
£ »
T O  ?ig. 10. Graphs showing log of Total Count (log colony forming units/ml), log Chromobacterium Count flog oology fnrmWc n
at Eashing (E). and Guildford (G) between June 1973 and July 197k. Histogram of Daily Rainfall
variation with maximum counts in late winter and minimum 
in late summer, and correlated inversely with river . 
temperature. Short term variations showed a close correlat­
ion to rainfall, with sharp rises in chromobacterium count
often occurring after a spell of heavy rainfall (eg. samples
■ 'f
•taken on 20.6.73, l6. $ .73, 26.6.74). This was not always 
the case; for example, such increases were absent if water 
samples were not taken until some days after the downpour,
(eg. downpour on 20.9 .73 and sample taken 25. 9 ,73, down­
pour on 23.5.74 and sample taken on 4.6.74). Although total 
counts showed similar short term fluctuations to chromobacteria, 
no seasonal pattern could be seen, with counts varying rather 
erratically throughout the year.
The seasonal pattern of chromobacterium counts is 
more clearly illustrated as a histogram of the log. monthly 
mean chromobacterium count (Fig. 11, also See Table 24)) due 
to removal of short term variations.
A statistical analysis of these results verified 
some of these observations. Correlation coefficients were 
calculated for various pairs of data (Table 25). The 
Guildford chromobacterium counts correlated positively with 
total rainfall for the 4 days prior to sampling at over 95% 
significance, and with rainfall for 2 days prior at over 90%, 
although no significant correlation was shown with 1, 3, 5 or 
7 days. Eashing chromobacterium counts and river depth 
correlated positively at more than the 99% significance level. 
Chromobacteria correlated negatively with river temperature 
at over 95% level for Eashing samples and at the 99% level 
at Guildford. Positive correlations of 99% and over 99% 
significance were shown between total count and chromobacteria
J J A S O N D J F M A M  J J
Fig. 11. Histograms Showing Log of Colony Forming Units of 
Chromobacteria/ml from the River Wey at (a ) Guildford, (b) 
JEashing. Counts are Expressed as Monthly Averages of Weekly 
or Fortnightly Counts Taken Between June 1973 and July 1974.
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at Eashing and Guildford, respectively. Total counts also 
gave a positive 'correlation with river temperature but it 
was not significanto
During December 1973 a period of only slight rain for 
about a week was accompanied by a decline in the chromo­
bacterium counto Intensive sampling during the following 
spell of heavy rain showed that the pattern of the variations 
in count closely mirrored the pattern of the spells of rain­
fall (Fig 12)0 With an initial rise in count some hours 
after the rainfall, followed by a decline,* A second smaller 
peak coincided with another smaller quantity of rainfall.
High chromobacterium counts tended to coincide with 
high suspended silt content in the river. In fact, the water 
could be seen to be very turbid and brown in colour. Highest 
counts occurred when the river was very swollen after heavy 
rain (eg. Jan/Feb. 1974).
IB Counts Along the River Wey:
(i) 1st Series
A series of samples were collected along a 38 km stretch 
of the river, from the source. The samples were taken after 
a prolonged period of heavy rain, so that the river was 
swollen, fast flowing and heavily laiden with suspended silt. 
Table 26 shows the chromobacterium and total counts, river 
temperature and suspended silt content of each sample. Chromo­
bacterium counts were also very high, that at Tilford (1550 
cfu/ml) being the highest ever recorded in the Wey, during 
my investigations. Water from both springs gave zero counts 
for chromobacteria, but their numbers built up rapidly to 
reach a maximum 33 km from the source, with a slight decrease
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at the following sample. The North Branch of the Wey 
gave a count of the same order. The pattern of increase 
in suspended particulate matter was very similar.
The increase in total count was more rapid with 
numbers stabilising by 23 km from the source. They were 
also abnormally high, as compared with Eashing and Guildford 
counts during the winter. The total count from the main 
source was markedly lower than that from the secondary 
source. Although both were springs, they differed in that 
the main source was concreted and sealed so that water was 
emitted through a pipe, while the secondary source was a 
natural spring with water percolating through the ground.
Thus the possibility of contamination from bacteria in the 
surface material, either naturally or by disturbance of the 
sediments during sampling, was great in the secondary source, 
but absent in the main source.
(ii) 2nd Series
A series of water samples were taken over the whole 
length of the River Wey, a distance of 88 km, to its confluence 
with the River Thames. The temperature of samples at the
time of collection was noted, and chromobacterium counts and
6
turbidity (using a neph^lometer) were also recorded.
Although some rainfall had occurred shortly before sampling 
the river was not swollen and turbidity was low, being 
attributable to plankton and dead organic debris, rather 
than suspended silt. Total counts were not made. The 
results obtained are expressed in Table 27, and the chromo­
bacterium counts are graphically presented in Fig 13.
Counts of chromobacteria were considerably lower 
than those from the 1st Series, but were fairly character­
istic for this time of year (ie. May), judging from earlier 
investigations. Again their numbers built up from zero at 
the source and showed two main peaks at 29.5 (132 cfu/ml) 
and 63.5 km (139 cfu/ml). The second maj*or peak, and two 
minor ones coincided with the inflow of treated sewage 
effluent from sewage treatment plants j'ust upstream of the 
sample points. The number of chromobacteria dropped off 
dramatically towards the River Thames, where it was only 
3 cfu/ml.
(iii) Further investigation
To investigate the possible cause of the second 
maj*or peak (at 63.5 km) observed in the latter series, three 
further river samples were taken in the same area. Unfortun­
ately, the chromobacteria counts were very low, which appears 
to be characteristic of the summer (ie. June 1974), and little 
could be learned from the results, and no similar peak could 
be detected. Table 28 shows the results. Total counts were 
typical for the time of year.
A sample of sewage effluent was tested and gave much 
higher chromobacterium and total counts than the latter river 
water samples.
1C Samples from Other Waters:
(i) River Mole
This river is a fairly polluted river, which was 
sampled three times at Dorking. Like those from the River 
Wey, chromobacterium counts as well as silt content were
TABLE 27
Chromobacterium Count, Temperature and Turbidity of
River Water Sampled Along the Whole Length of The River 
Wey (sampled 2.5.74)
Sample 
point 
on Map 
A
Location of 
Sample Point
Km from 
Source
Chromobact­
erium couni 
(cfu/ml)
Temp.
°C
Turbidity*
1 Main source 0 0 9 0
4 West of Mill 3.4 9.3 9 1
6 Haslemere Cemetery 6.5 23.8 10 1
9 Radford Bridge 10.5 18.6 9
10 Headley Ford 16.0 46.7 9 1
11 Huntingford Bridge 23.0 110.0 9 1
13 Frensham Priory 29.5 131.7 10 1.5
14 Tilford Bridge 33.0 104.0 10 lo5
16 Elstead Bridge 38.0 58.0 11 1.2
17 Eashing Bridge 45.5 49.3 10 1.2
18 Broadford Bridge 52.5 52.7 11 la5
19 Guildford 57.5 40.7 11 2.0
20 Send 63.5 139.3 11 3.0
21 Send 65.0 119.3 11 3.0
22 Old Woking 67.0 86.4 11 2.0
23 Pyrford 71.0 75.2 11 2.0
24 Wisley (upstream) 75.0 70.4 11 2.0
25 Wisley (downstream) 75.5 84.8 11 3.2
26 Byfleet 80.0 35.2 11 2.0
27 Weybridge 84.0 29.0 11 2.0
28 Weybridge 84.0 38.0 11 2.5
29 River Thames 88.0 3.0 11 5.5
15 N.Branch of; Wey - 11.3 11
*
160
•rf
Distance from source (km)
— ~ ~ ----------- *------------ j— ----- '— t.
so
Fig. 13. Graph Showing the Count of Chromobacteria 
at Different Points Along the River Wey„ 
from the Source to its Confluence with the
River Thames
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markedly higher in the winter when rainfall was high and 
temperatures low. However, both chromobacterium and total 
counts were consistently higher than those of parallel 
River Wey samples (Table 29).
(ii) Stanford Brook
This is a small, slow flowing stream with a muddy 
bottom and green turbid water, during the summer, due to a 
high algal content. It receives relatively large amounts of 
farm effluent and also human sewage effluent (also See Map A), 
As can be seen in Table 29 the chromobacterium and total 
counts were very high compared with the parallel River Wey
sampleo
(iii) Stream at Eashing
This is a small, clear, fast flowing stream with a 
gravel bottom* It is fed from springs, but also receives 
run-off after rainfall* The results of counts shown in 
Table 29 further illustrate the influence of rainfall in 
increasing the number of chromobacteria in rivers* Counts 
were low in June but after heavy rainfall counts and also 
suspended silt were much higher. Water temperatures were 
similar for all these samples*
(iv) North Branch of the River Wey
The stretch of water which receives a higher proportion 
of toxic waste material (eg. storm sewers etc) than the main 
River Wey before their confluence at Tilford (See Map A).
Here too, counts and silt content were higher after heavy 
rain, during the winter. Both chromobacterium and total 
counts were comparable for the time of year with those of the 
main river nearby. Results are shown in Table 29.
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(v) Stag Hill Lake
This artificial lake is fed largely by storm 
drainage from The Surrey University Campus and Stag Hill. 
During heavy rain surface run-off could be seen to carry 
soil material into the lake, causing the water at the lake’s 
edges to become turbid and brown. As shown in Table 29, 
although both counts increased after rainfall, the increase 
in chromobacteria was of a high order.
ID Samples from Various Rivers in Southern England:
During October 1974 a series of samples were taken 
from rivers in S. and S 0W 0 England (See Map E). Samples were 
immediately inoculated onto prepared CDA or CDCA and JNA 
plates. Temperature and pH of the samples were noted and a 
brief description of the river at the point of sampling was 
made •
The results obtained are presented in Table 30. 
Considerably more chromobacteria were recorded in the River 
Wey, than other samples. The River Wey was particularly 
swollen and turbid, as a result of some local rainfall shortly 
before sampling* However, other rivers did not appear to be 
noticeably above normal flow level. The higher counts seemed 
to be from turbid, silty rivers, and those from clear fast 
streams were lowest. Total counts showed a similar trend,, 
River temperatures were all similar, eg. 9 to 11°C, and pH 
values were usually slightly above neutraljf. However, the 
moorland rivers were slightly acidic. Most of the rivers 
flowed from chalk areas.
The River Kennet (Nos: |15, 17 & 20) was sampled at 
three points and showed an apparent increase in chromo-
TABLE 30
Total
count
(cfu,
xlO”^/ni
0,80
0.126
1.01
2.05
2.97
0.26
0.13
0.15
1.38
1.07
3,72
2.79
2.33
0.35
0.26
1.88
0.40
1 .92 
14.55 
3.46
Chromohacterium and Total Counts, pH and Temporaturc of Water Samples of Rivers In S. and 
S.W. England. Samples wore collected In Early October, 1974.
Sample 
Site on 
Map E-
Rivers
sampled
Description of rivers at 
sample point
River 
Terap(°C)
River
Water
pH
Chromobact 
er iura 
count 
(cfu/ml)
1
2
3
4
5
6
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
Wey
Test
Avon (Hants)
Parrett
Isle
Exe
Baric
Trib of Exe 
Aville 
Parrett 
Brue
Brue/Parrett 
Avon(Bristol) 
Trib, of Avon 
Kennet 
Langbourne 
Kennet 
Pang 
Thames 
Kennet 
Loddon 
Blackwater
Turbid, fast - recent local rain 
Clear, fast, shallow, gravel bed 
Slightly turbid,fast,sand/silt bed 
Turbid, fast, silt/mud bed 
Slightly turbid, slow, gravel bed 
Clear,v.fast, peaty, rock/gravel bed 
Clear,v.fast, peaty, rock/gravel bed 
Clear,v,fast, peaty, rock/gravel bed 
Fairly turbid, peaty, gravel/silt bed 
V.turbid, tidal, mud bed 
V.turbid, tidal, mud bed 
V.turbid, estuarino, mud bed
Turbid, slow, green, silt/mud bed 
V,turbid, green, fast, mud bed 
Clear, fast, shallow, gravel bed 
Clear, fairly fast, gravel bed ’ 
Slightly turbid, fast, silt/gravel bed 
Clear, fast, gravel bed 
V.turbid, fairly fast, mud bed 
Fairly turbid, fairly fast, silt bed 
Turbid, fairly fast, mud/gravel bed 
Turbid, slow, mud/gravel bed
9.5
10.0
10.0
10.2
10.0
10.0
9.4 
9.0
11.0
10.5
10.5 
11.0
10.2
9.5
9.5
9.5 
10.0
9.5
9.5 
10.0 
10.0
9.8
7.4
7.5
7.6
7.7
7.4
5.8
5.8
6.4
6.7
7.4
7.7 
7.1
7.4
7.4
7.5 
7.4
7.3
7.3
7.4 
7.7 
7.1 
6.9
110.8
2.4
2.8
6.3
3.8
2.8
1.7
2.7 
9.2
22.5 
27.9
16.5
22.0
11.3
2.5 
5.0
4.3
4.3 
7.15 
6.45
20.0
13.2
* pH measured using Universal Indicator Paper; - data missing.
bacterium and total counts© The former values, however, 
were so low as to be of little significance© Two counts
from the River Parrett (Nps: 4 & 10) showed a larger
increase along the river, although a sample from the brackish
estuary gave a lower chromobacterium count.
IE River Inflows and Standing Water:
Various inflows and other water were sampled and . 
screened in a similar way to river water samples:
(i) Storm drains
At Eashing a storm-drain was sampled three times.
Water only flowed from this ditch during heavy rain, when 
water heavily laiden with suspended silt and eroded soil 
particles, drained from the surrounding arable land, pasture 
and road gutters. During periods of little rain, such as 
the summer, the ditch remained dry for long periods. Table 31 
shows the results obtained. Both winter samples gave extreme­
ly high counts, but those from the summer sample were much 
lower. Changes in total count closely reflected changes in 
the number of chromobacteria.
A sample from a Dorking storm-drain carrying drainage 
water from a town area, carried fewer chromobacteria than 
the Eashing drain, although the amount of suspended silt was 
considerably higher.
(ii) Surface run-off
During heavy rainfall surface run-off could be seen 
flowing in rivulets over areas of compacted soil, such as 
foot paths and fishing spots by the river bank. It also 
formed where the shape of the land was steep, such as on the 
river banks and where the soil was waterlogged© The impact
TABLE 31
Chromobacteriura and Total Counts, and Suspended Silt Content of Samples of Storm Drainage
Surface Run-off. Standing Water, and Human and Farm Effluent,
Sample
Date
Map Ref. 
of Sample 
Site
Description of sample Silt 
Content 
(mg dry 
wt/1)
Chromobacterium 
count (cfu/ml)
Total count 
(cfu/ml)
7.12.73 Map D, 3 During heavy rainfall - 30.0 x 102 0.38 x 107
8.1.74 Map D, 3 During very heavy rain 367 53.5 x 102 1.10 x 107
26.6.74 Map D, 3 During heavy rainfall 78
23.0 x 10 0.18 x 107
26.6.74 Dorking During heavy rainfall 7889 1.2 x 102 0.48 x 107
8.1.74 - Run-off, & visible so il 932 69.9 x 102 1.50 x 107
8.1.74 - Run-off, no visible soil 60 57.7 x 102 1.00 x 107
8.1.74 - Puddle on pasture-heavy rain 35 18.1 x 102 1.40 x 107
8.1.74 - Puddle on farm track - rain 632 7.0 x 102 0.72 x 107
Oct. 74 - Puddle and bovine faeces - 0.9 X 102 0.87 x 107
' 14.6.74 Map A,33 Treated human effluent _ 0.4 x 102 0.10 x 107
14.6.76 Map C,1Z Farm effluent « heavy rain M 0.3 x 102 3.76 x 107
26.6.74 Map C, 12 Farm effluent •« v. heavy rair — 5.6 x 102 4.27 x 107
E
•rl•d G> 
C  +j< 
<9 <9+* s 0)
B +» 
H E
<0 0)
+J VlH*H
<9 Ui
B
19
X
data missing or not applicable
of the raindrops dislodged soil particles which were 
carried along by the run-off,, Two samples of run-off 
contained extremely high numbers of chromobacteria and also 
have high total counts (Table 31)*
(iii) Standing water
Puddles, formed on impermeable ground during heavy 
rain, were turbid with suspended soil and counts were corresp­
ondingly high. (Table 31). However, a sample from a puddle, 
taken some time after rainfall, with low turbidity and also 
contamination from bovine faecal material contained few 
chromobacteria, although the total count was comparable with 
the other puddle samples.
(iv) Human and farm effluent
Samples were taken from outfalls (to River Wey) of 
treated human sewage effluent and farm effluent (See Map C), 
which was a thick slurry of bovine faeces diluted by run-off 
from surrounding land. Table 31 shows the results obtained. 
Total counts in the farm effluent samples were much higher 
than in the human effluent. All samples contained chromo­
bacteria, but the sample of farm effluent taken after heavy 
rain, contained much higher numbers than the other, although 
it should be noted that the faecal material was more diluted 
with surface run-off. The human effluent sample contained 
no visible solids, although it was brown in colour.
(v) Springs
Of seven spring samples taken in the Haslemere area, 
none contained chromobacteria (Table 32). As described 
earlier (Counts Along the River Wey - 1st Series) the second­
ary spring was •neutral* and, like the Eashing spring, percol-
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ated from the substrata. The increased possibility of 
contamination with soil etc, probably accounts for the high­
er total count in the Haslemere sample, and the chromo­
bacteria isolated from the. Hashing sample almost certainly 
came from the soil particles visible in the sample,,
(vi) Land drainage ditches
A system of drainage ditches built, a year previously, 
to drain an area of marsh land on the River Wey flood plain, 
was sampled at several points* During the winter flow in 
the ditches had been high, but by May 1973, when samples were 
collected, flow was slow and the water was clear. Although 
chromobacteria were present in all three samples, they were 
more numerous in the River Wey itself. (Table 32)
River Sediments
Over a period of about 16 months, 19 samples of
river bed deposits were collected from various sites, mainly
in the River Wey. These sediments differed widely in nature
from light, muddy, highly organic, black sediments from
under almost static water, to sandy, well aerated sediments, 
n
low if visible organic content, from under fast flowing 
water. The results of chromobacterium and total counts on 
these samples are presented in Table 33. Since samples 
included a large amount of river water, all counts of sedi­
ment plus water samples were accompanied by one of river 
water alone. A comparison of the two values could give an 
idea of whether chromobacteria were present, in significant 
numbers, in the sediment itself. Between 10 and 20g of sedi­
ment was usually sampled in 1 litre of river water. Although 
chromobacteria were present in all sediment samples, with the
exception of one estuarine deposit, in a few cases the 
sediment did not contain an excess over the corresponding 
water sample. However, they were present in large numbers 
in some sediments. Their occurrence seemed very variable 
even in the apparently similar sediments, eg. nos. 6 and 15. 
Although the sample technique was only semi-quantitative^ 
variations in sample size could not account for the differences 
in count between such similar samples. Large differences bet­
ween chromobacterium counts in the parallel sediment and water 
samples did not correlate with large difference in total count, 
and vice versa.
As chromobacteria were found to be present in many 
river sediments, their potential as sources of chromobacteria 
in free suspension was investigated. A spit of sediment, 
deposited at expansion of the river channel and composed main­
ly of decomposing autumn leaves, was sampled in the usual way. 
It was then disturbed and river water samples were taken up­
stream, and 200 metres downstream. A float was observed, so 
that it was possible to know that water being sampled down­
stream had been contaminated by the disturbed sediment® The 
results are shown in Table 34. Disturbance of the sediment, 
which itself contained chromobacteria, caused a 50% increase 
in the plug of water contaminated by it. There was also a 
less obvious increase in the total count.
Soils
1A Samples of a Soil Profile:
Duplicate core samples were taken from a soil profile 
near the River Wey, at Eashing, to investigate the vertical 
distribution of chromobacteria. Chromobacterium counts, total 
counts and moisture content estimations were carried out on
TABLE 33
Chromobactorium and Total Counts,and Flow Rate of Overlying Water, of River Sediment Samples. 
Results arc Expressed as Count of Sediment with River Water, and Count of the River Water Alone
Sample
date
Map Ref. 
of sampto
Description of scditnenl 
samples
Flow Rato 
of over- 
lying 
water
Chromobacterium count 
(cfu/ml)
Total count 
(cfu x 10“~/ml)
Water & 
silt
Water only Water & 
silt
Water
only
18.6.73 Map C,7 1 Sand/gravel Fast 3.0 5.0 - -
18.6.73 Map C,3 2 Organic, black mud Slow 11.0 6.0 - -
18.6.73 Map C,4 3 Sand Fast 18.2 6.0 - -
11.7.73 Map D,8 4 Fine brown silt Slow 74.0 5.0 0.33 0.32
12.7.73 Map D,7 5 Organic mud Static 7.0 5.0 5.10 0.32
12.7.73 Map D,4 6 Sand Fast 5.0 5.0 1.70 0.32
12.7.73 Map D,6 7 Organic mud V. slow 16.3 5.0 5.30 0.32
12.7.73 Map D,9 8 Sandy silt Fast 16.3 5.0 3.70 0.32
12.7.73 Map D,13 9 Black, organic mud - 12.5 5.0 7.50 0.32
24.7.73 Map D,6 10 Brown, organic mud Slow 74.4 5.0 - -
24.7.73 Map D f4 11 Sandy silt Fast 6.3 5.0 - -
1U2.73 Map C,1S 12 Rotting leaves/mud Slow 317 55.0 4.24 0.95
19.3.73 Map B,A1C 13 Fine leaf debris Slow 440 42.5 16.40 0.47
19.3.73 Map B,A2 14 Sandy/organic silt Med ium 167 19.1 14.00 0.72
19.3.73 Map B,B1 15 Fine sand Fast 495 14.3 21.00 0,70
5.4.74 M<pBAlAl 16 Organic silt Slow 10.0 0 0,26 0.03
5.4.74 Nfep BA1A2 17 Organic silt Slow 4.0 0 0.09 0.08
5.4.74 Map " 18 Fine sand Fast 1.0 0 0.12 0.08
5.10.74 Map E,ll 19 Brackish brown silt Tidal 0 - 1.56
i
data missing
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each sample, and the results are presented in Fig 14, as
the mean values from the paired samples0 Chromobacteria 
were present in the top, rhizosphere layer (10.7 x 10^cfu/g 
dry soil), but were absent from all other samples, with the 
exception of a single isolate about half way down the profile, 
which may have been a contaminant* Total counts were highest 
in the top layer (8e15 x 10 cfu/g dry soil) and decreased 
with depth, to only 0.47 x 10 cfu/g dry soil, 200 cm from the 
top*
Only the top 10 cm of the profile contained any 
visible organic material, and consisted of a brown sandy 
loam. The main part of the profile was a yellow to orange 
sandy alluvial deposit, and although the top 20 cm or so was 
fairly well drained sandy material, further down much of the 
soil material was so fine as to resemble clay. Consequently 
the lower half of the profile was extremely impermeable, and 
was rather like wet clay. Water only percolated very slowly, 
or not at all, through cores of this deposit. At river level 
the profile was greyish and smelled rather of hydrogen 
sulphide. This probably indicates anaerobic conditions.
3B samples of Different Soils:
Samples of 24 soils were collected and chromobacterium 
counts, total counts and percentage water content were estim­
ated. Counts were therefore expressed as cfu/g of wet soil 
and dry soil. (Table 35) Both chromobacterium and total 
counts were very variable. The number of chromobacteria
varied from 0 to 3 x 10^cfu/g dry soil and total counts ranged
6 9 /from 1.7 x 10 to 1.8 x 10 cfu/g dry soil. There seemed to
be no relationship between the two counts, since the ratio
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of both values was also very variable. Counts did not 
correlate with percentage water content, which ranged from'
3 to 80%, Total counts seemed to be lower during summer and 
autumn. Even counts of soils from the same proximity, such 
as samples 4, 5, 8 , 15 and 20, were variable. Few, if any, 
patterns could be seen. Colonies of chromobacteria with a 
gelatinous texture seemed to be considerably more frequent 
than in river water, and often outnumbered types with 
butyrous colonies.
3C Wedge Samples:
Wedge samplers were installed in the bank of the River 
Wey at Eashing, in an attempt to sample water percolating 
tihrough the soil into the river. Wedge I (small) was instal­
led (Sample point 14 on Map C), but sufficient sample was 
only collected after several days. Resultant counts were 
680cfu/ml for chromobacteria and 4.8 x 10^cfu/ml total count, 
but since the samples had been left for several days, 
multiplication of the bacteria present had probably exagger­
ated the results. A second sample gave no chromobacteria 
and a total count of 6.13 x 106cfu/ml, but this sample was 
also old.
Both Wedges I and II were installed at site 13 (Map C). 
Samples also took a long while to reach usable volumes, and 
sudden changes in the river level caused the installations 
to become immersed, so that samples were unusable.
Haslemere Samples
As a follow-up to the investigations of chromobacteria 
numbers along the River Wey, described earlier, a number of
TABU'. 35
Chromobactcrium and Total Counts, and Percentage Water Content of Soil Samples. Count;.
arc Expressed as Colony Forming Units per q Dry and Wot Soil. Tho Ratio of Chromo- 
bacterium to Total Count is also Shown (C/D).
Sample
Date
Map Ref. Description of Soil SiWater Count(cfu/a drv wt) Count (cfu/o wet wfi Rat io
of Sample 
Site
sampled content Chromohac 
terium n 
Cou ntxld’"
Total , 
Countxlfi
Chromohac Total 
terium 0 CountxlO 
CountxlO"
C/DxlO4
A B C D
12.7.73 Map D, 12 1. Sandy loa'm - - - 42.5 8.0 5.30
12.7.73 Map D, 13 2.Black organic mud high - - 6.3 37.5 0.17
Ascot 3. Rich loam 13 2.2 6.2 1.9 5.4 0.35
4.1-2.73 Map D, 10 4.Sandv, rhizosphere 3 210 75.0 203 73.0 2.79
4.12.73 Map D, 10 5. Sandy, rhizosphere 14 11.6 88.0 100 76.0 0.13
23.1.74 Ascot 6.Rich loam 24 42.0 75.8 31.9 57.5 0.55
12.2.74 Ascot 7. Rich loam 13 8.3 - 7.2 - -
20.2.74 Map D, 10 8.Sandy, rhizosphere 33 21.3 - 14.3 - -
5.4.74 MapB,A1A1 9.Wet organic mud 67 13.2 82.0 4.3 27.0 0.16
5.4.74 MapB,A1A2 10.Wet organic mud 68 17.0 59.0 5.3 19.0 0.28
16.7.74 Map.D, 16 11.Organic, woodland 29 21.0 236 14.7 165 0.09
24.7.74 Map D, 11 12. Sandy, non-rhizosphece - - - 1.3 0.05 2.72
25.7.74 Ascot 13. Sandy loam 13 0 1.7 0 1.5 -
30,7.74 Map D, 15 14.Organic, rhizosphere .35 . 70.3____ . 93.0 46.0 61.0 0.75
30.7.74 Map D, 10 15. Sandy, rhizosphere 13 7.3 32.0 6.3 28.0 0.23
30.7.74 Map D, 14 16. Rotting vegetation 80 336 18.0 67.0 3.6 18.60
30.7.74 Map D f 15 17. Rhizosphere loam 20 0 41.0 0 32.5 -
2.11.73 Map D, 18 18. Organic rhizosphere 51 117 1850 57.0 907 0.06
2.11.73 Map D, 17 19. Rhizosphere loam 26 3.4 290 2 .5 214 0 .0 1
2.11.73 Map D, 10 20. Sandy, rhizosphere 12 260 160 227 139 1.63
14.11.73 Guildford 21. Peaty, garden - 0 - 0 -
14.11.73 Guildford 22. Garden loam - 0 0 - -
28.11.73 Guildford 23. Yellow clay - - - 0.8 39.9 -
28.11.73 Guildford 24. Sandy clay - - *•7 42.0 -
data missing
increasingly detailed studies were carried out* It was 
felt that much could be.learnt from such an investigation 
of the rise in the number of chromobacteria from zero, at 
the source, with the possibility of pin-pointing some 
sources of chromobacteria along the Wey«
4A 1st Series:
over a 45 km stretch of the River Wey from the source, at 
Hasleraere to Eashing Bridge (See Map A )0 Most samples were 
taken within the first 11 km of the river* Only a small 
amount of rain fell in the few days prior to sampling,so 
that the river was quite low and carried little silt.
to measure, the turbidity of the water was measured using a
neph^lometer. As shown in Table 36, the turbidity of the
th distance from the source^ all ibo«4»fc
turbidity seemed to be caused by suspended 
plankton, particularly algae and some particles of organic 
debris* As the water flowed through the four small lakes 
which were situated in the first 2 km of the river, it bec­
ame considerably more turbid, although this was reduced for 
a period after the water left the fourth lake. Certainly, 
the lake water was green and turbid, whilst the water flow­
ing into them was clear.
Chromobacterium counts and total counts increased in 
a similar manner, with a sudden rise after the first three 
lakes, followed by a decline and subsequent rise to a maximum 
at 7.8 km from the source. No chromobacteria and few other
bacteria were present in the spring water at the source. The 
number of chromobacteria at 10.6 km was markedly higher than
On 1,3.74 a series of water samples were collected
Since the amount of silt in suspension was too small
e
TABLE 36
Hasleroere Samples (First Scries)- Chromobacterium and Total Counts of River Wey
Water Samples Taken at Points Along the River, up to 45„5km from the Source.
River Temperatures and Turbidity of Each Sample also Shown,, Samples collected 1.3.7
Sample Site 
on Map A
Distance from 
Source (km)
River
Temp. (°C)
Chromobacterium 
count (cfu/ml)
Total count 
(cfu/ml)
TV
Turbidity
1 0 ' 5 0 0.9xl03 0
2 1.3 4.5 66.7 0;77xl03
in.CO
3 2.1 4.5 42.3 0.74xl05 7
4 3.4 5 62.0 0.81xl05^ 4
5 5.0 5.5' 79.3 0.80xl05 5.8
6 6.5 6 102.3 1.02xl05 10.1
7 7.8 6 124.6 1.28X105 13.6
8 9.2 6 112.0 1^27xl05 11.0
9 10.6 6 •103.6 0,97xl05 13,0
17 45.5 6 50,6 l,13xlOS 10,5
. e
* Turbidity measured using neph&lometer.t
that at 4505 km downstream
4B 2nd Series:
On 803074 another series of samples Was taken 
along the first 2.1 km of the River Wey (See Map B). The 
results are shown in Table 37. There was no rain in the 
days prior to sampling and very little in the month previous 
Total count plates (JNA) from three samples appeared to be 
contaminated since they were covered by numerous identical 
colonies, although the type differed from one sample to the 
next. Although the plates were poured immediately before 
use, it seems improbable that these bacteria were actually 
present in the original waters sampled, since they were in 
such massive numbers. Total counts from other samples were 
lower than those of the 1st Series, as were the numbers of 
chromobacteria. The four lakes had a rather erratic influ­
ence on water turbidity and bacterial counts. As before, 
no chromobacteria were present in water at the source, and 
the total count was also very low, but counts of both increa 
sed drastically in only the first 0.32 km of the river. The 
stream had flowed past a farm at this point.
As in the 1st Series, the spring water was warmer 
than the water a few metres downstream.
4C 3rd Series:
On 19.3.74 samples of river water and river sediments 
were taken over the first 2.1 km of the River Wey, at Hasle- 
mere (See Map B). As in the previous series, the turbidity 
increased with distance from the source (Table 38). There 
was slight rain in the preceeding week and counts were of a
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TABLE 38
Haslemere Samples (Third Series) - Chromobacterium and Total Counts of River Wey
Water and Sediment Samples Takon at Points Along the River, up to 2.1 km from the 
Source. Turbidity of Water Samples is also Shown. Counts of Sediment Samples are 
Expressed as cfu/ml of Sediment with River Water, and cfu/ml of River Water Alone0 
Samples collected 19.3.74.
u o>+*
(0 V) 5 or-(u a, 
<y B > a•HO)K
Sample Site 
on Map B
Distance from 
Source (km)
Chromobacteriura 
count (cfu/ml)
Total count 
(cfu/ml)
*
Turbidity
A1A1 0 0 0.2xl03 0
A IB 0.16 4.6 0.81xl05 3
A 1C 0.24 42.5 0.47xl05 3
A2 0.32 19.1 0.72xl05 4
A3 0.52 10.2 0.67xl05 3
B1 1.33 14.3 0.70xl05 3.5
C 2.1 12.5 0„67xl05 3
Sample Point 
on Map B
Description of Sediment Sampled Chromobacterium 
count (cfu/ml)
Total co 
(cfu/ml)
unt
water &
' sediment
water
only
water & 
sediment
water
only
A 1C Fine leaf debris 440 42.5 16.4x 1cP 0.47x105
A2 Sandy/organic silt 167 19.1 14.0xl05 0.72xl05
B1
, ................ ....
Fine sand 495 14.3 2l.0xl05 O.TOxlO5
... —
e
*" Turbidity measured using neph|floraeter
similar order to those of the 2nd Series. Again the 
chromobacteria count increased dramatically downstream of 
the farm, while none were present at the source0 Sediment 
samples were rich in chromobacteria, {as compared with water 
alone) particularly tho’Se taken near the farm. They also 
gave high total counts compared with sediment samples taken 
elsewhere. The results of the sediment counts are also 
expressed in the earlier section which deals specifically 
with this subjecto
4D 4th Series:
A final series of samples was taken on 5.4.76, covering 
the first 0.52 km of the stream (See Map B)d Samples of 
river water, river sediment and river bank soil were taken 
in the locality of the River Wey source and the farm. Very 
little rain fell in the month before sampling. The results 
obtained are presented in Table 39. Yet again, a large 
increase in the chromobacterium count (and a lesser increase 
in the total count) occurred in the stretch of stream by the 
farm, with a subsequent decrease downstream. Soil and sedi­
ment samples from the river bank near to the source contain­
ed significant numbers of chromobacteria0 Water samples 
downstream of the source contained particles of black organic 
debris resembling coffee grounds, which were similar to 
the material composing sediments X and Y, and which was, in 
fact, finely divided beech leaf debris. Although these 
samples were identical in appearance, sediment X contained 
2 or 3 times more chromobacteria and other bacteria (total 
count) than sediment Y.
TABLE 39
Haslemerc Samples (Fourth Series) - Chromobactorium and Total Counts of Samples of
River Wey Water, River Sediment, and Bank Soil, Taken at Points along the River, up 
to 0.52 km from the Source, Samples collected on 5.4.74.
Sample Site 
on Map B
Distance from 
source (km)
Chromobacterium 
count (cfu/ml)
Total count 
(cfu/ml)
A1A1 0 0 34
A1A2 0.08 0 7.60xl03
A IB 0.16 0.38 8.60xl03
A 1C 0.24 96.0 0.47xl05
A2 0.32 67.8 0.93xl05
A3 0.52 15.3 1.12X105
Sample Site 
on Map B
Description of sediment 
sampled
Chromobacterium count 
(cfu/ml)
Total count (cfu/ml)
water & 
sediment
water
alone
water: & 
sediment
water
alone
A1A1 Organic silt 10 0 0.26xl05 0.03xl0S
A1A2 Organic silt 4 0 0#09xlOS O.OSxlO5
A1A2 Fine sand 1 0 0.12xl0S 0.08xl0S
<r>
Sample Site 
on Map B
Description of Soil sampled Chromobacterium
count
(cfu/g dry ivt.)
Total count 
(cfu/g dry wt.)
So
il
Sa
mp
le
A1A1 Wet organic mud 1.32xl03 8.2xl07
A1A2 Wet organic mud 1.70xl03 5.9xl07
DISCUSSION
Water Sampling and Counting Techniques
No special devices were required for taking water 
samples, most being of mid-flow, surface waters«
There exist a variety of techniques for estimating 
bacterial numbers in water, and much discussion has taken 
place, over the years, as to which give the best estimation 
of the actual numbers present.
Until recently the pour-plate technique was widely 
used for viable counts. Molten agar at about 45°C is poured 
onto usually 1 ml of water sample or dilution, and mixed 
(Harrigan & McCance, 1966), so that most colonies develop 
in the agar and only a few on the surface,, Sudden exposure 
to hot agar undoubtedly kills many bacteria, particularly 
psychrophils (Collins et al., 1973), and strongly aerobic 
species may be inhibited by^^'gen^lack^^if deep in the agar. 
Sneath (1960) observed that colonies of Chromobacterium only 
pigmented on surface growth, growing as white colonies in 
the agar and are thus unrecognisable as members of the genus0 
Pigmentation is probably inhibited by oxygen deficiency.
The spread-plate method, used in this investigation, 
gives consistently higher counts than pour-plates (Buck & 
Cleverdon, 1960; Gunkel, Jones & Zobell, 1961; Robohm & 
Graikoski, 1966; Barraud et al., 1967; Thatcher & Clark,
1968; Jones, 1970). Clark (1967) found that spread-plates 
gave 70% higher counts than pour-plates. For this very 
reason the pour-plate has largely been superceded in recent 
years by the spread-plate, for viable counts of water 
bacteria. Opinions differ, however; as Collins (1967) stated
that this method was MOo0not very accurate.••", but was 
"...useful for rough estimates of bacterial numbers..."
Robohm & Graikoski (1966) found that membrane 
filtration techniques for counting bacteria in water had 
no advantages over spread-plates, except where very low 
numbers were present. Jones (1970) reported that spread- 
plates gave better results than the plate dilution frequency 
technique of Harris & Sommers (1968).
Various workers have studied the effect of different 
dilution fluids on bacterial counts obtained from water 
samples. Butterfield (1932) found that the number of 
bacteria in freshwater were reduced by up to 60% in 30 min­
utes after dilution in distilled water. Straka & Stokes 
(1957) reported that dilutions carried out with various 
diluents, and particularly distilled water, killed some 
species. Changes in the ionic environment may have a fatal 
effect (Gossling, 1958). Hoadley & Cheng (1974) found tap 
water t o t e  -highly toxic- to a IT stra ins -they tested wh i be—  
double distilled water, demineralised water and phosphate 
buffer were much less harmful to even the most sensitive 
species. Based on these findings, demineralised water was 
used in this study.
The choice of media for carrying out plate counts 
has also met with discussion. All media are selective and 
this in unavoidable (Burman, 1963), and the selectivity of 
a medium for certain bacteria gives a false picture of the 
composition of the bacterial population (Collins, 1963; 
Brock, 1966). Many comparisons of media for total viable 
counts of water bacteria have been made, eg. Taylor, 1940; 
Foot & Taylor, 194 9; Floodgate, 1964; Robohm & Graikoski,
1966; Strzelczyck et al®, 1967; Jones, 1970; Staples &
Fry, 1973®
Selective media, for the enumeration of specific 
groups of bacteria in water, have been widely used, includ­
ing MacConkey Agar (Report, 1956) and Teepol Agar (Jameson 
& Emberley, 1956) for coliforms, and N.P.C. Agar (Sands & 
Rovira, 1970) for pseudomonads. CDA was used to select for 
chromobacteria, in this investigation, and its limitations 
have been discussed previously. Since J-NA was used as the 
base for CDA it was also used for "total" counts, although 
it is recognised that media such as CPS (Collins & Willough­
by, 1962) may give higher estimates of the total viable 
co unt •
Robohm & Graikoski (1966) found nutrient agar (NA) 
to be better than various other media for counts of bacteria 
from water, and it also gave highest counts of bacteria from 
river sediment. Harrigan & McCance (1966) suggested that 
NA should be used for water pour-plates. In the present 
investigation, JNA gave better counts of chromobacteria 
and non-chromobactoria,than NA, possibly because a more 
dilute medium is nearer to natural nutrient concentrations 
present in aquatic environments. Since the nutritional 
status of JNA and CDA are the same, a comparison of 
organisms growing on them would reveal those sensitive to 
colistin and deoxycholate. Quarter-strength NA may tend to 
support growth of bacteria of soil origin, where nutrient 
concentrations are usually higher. Certainly ’mycoides* 
type colonies (Bacillus sp.) usually regarded as soil organ­
isms (Gray, 1951), were commonly seen on JNA spread-plates.
One must accept the limitations of the media used 
and interpret results accordingly. As Collins (1963) point­
ed out, the alternative to cultural techniques for bacterial 
counting of "total" numbers, is to use one of the various 
direct counting techniques. Results obtained by the latter 
methods are between 10 and 10,000 times those using 
cultural techniques, although Taylor (1940) considered 
that, "... in view of the technical difficulties in these 
methods of direct counting...", such as concentration of 
samples by evaporation under vacuum, "...caution must be 
used in interpreting results." These methods do not distin­
guish between dead and living cells, whereas in plate 
counts each colony is derived from one living.cell, or a 
group of cells. Organisms such as small blue-green algae 
may also be counted, and no distinction can be made between 
different ecological types of bacteria (Brock, 1966)*
However, both are useful tools provided their limit­
ations are borne in mind, and are often used together in more 
recent work, eg. Jones (1972).
Various other points of methodology require some
discussion. Buck & Cleverdon (1960) considered an incubation
of 25°C to be better than 16°C for marine counts, while
Zobell & Conn (1940) obtained maximal counts at 12° to 22°C
for 7 to 10 days and found them to be markedly lower at 25°C
and above. Collins (1967) found that 22°C incubation gave
higher counts than 37°C, while Taylor (1940) obtained
higher pour-plate counts at 20°C than at room temperature.
Jones (1970) found that a long period of incubation (14 and
23 days) at 10°C gave highest counts on CPS spread-plates, 
and a similar recommendation was made by Collins et al. (1973).
Clark (1967) incubated spread-plates at 22 - 25°C for 48 
hours for total counts* Room temperature (about 22°C) 
was used in this investigation, since it supported growth 
of both psychrophilic and mesophilic chromobacteria; CDA 
plates were counted after 6 days* Plates of JNA reached 
maximum counts at about 8 days. Prolonged incubation 
created storage problems, and shorter incubation at higher 
temperature also avoided drying out of plates, although it 
is accepted that small losses in colony counts may have 
occurred.
Predrying of plates is usually carried out at elev­
ated temperatures, and Clark (1971) found that any temper­
ature between 24 and 50°C had little effect on counts. CDA 
and |-NA plates were dried in a larainar-flow air cabinet 
(Hepaire) at about 28 - 30°C, higher temperatures being 
avoided to minimisedeactivation of colistin in the CDA,
The quantity of water sample spread oh the dried 
plates is generally 0.1 to 0.2 ml (Jones, 1970; Collins et 
al., 1973), although Anderson (1962) used 1 ml on 9 cm petri 
dishes. Clark (1967, 1971) found that up to 1 ml could be 
applied if plates were adequately predried, without affect­
ing counts. For this investigation 0.1 ml of inoculum was 
used on 9 cm plates and up to 0.5 ml on 14 cm plates, since 
these quantities were quickly adsorbed and plates could be 
inverted for incubation immediately after spreading.
The American Public Health Association (1965) sugges­
ted that 30 to 300 colonies per plate was countable, although 
Niemala :.(; 1.965) saw little statistical basis for this range.
In this investigation, 9 cm plates containing less than 150
colonies were counted (Jones, 1970) (and a similar density 
on 14 cm plates), and usually between 50 and 100, on each 
of 4 replicates (Clark, 1967)0 Since the number of organ­
isms in river samples was somewhat unpredictable, the 40 to 
60 colonies and 5 replicates, suggested by Postgate (1969) 
was impractical*
Much the same points apply to soil and river sediment 
samples, as to water. Counts of surface waters are less 
variable than those of sediments and particularly soil.
Results of both qualitative and quantitative studies of soils 
are infamously unreproducible, because of the inherent 
heterogeneity of the soil and hence, its population (Johnson 
et al., 1959; Burges, 1964). In order to make soil counts 
more consistent,several replicate samples may be taken and 
the mean count calculated (King & Wallace, 1956) or, more 
commonly, replicate samples are pooled and mixed before 
plating (Waksman, 1922 ; Menon & Williams, 1957). For
surface soils, I took trowel samples from several points over 
a 1 metre area, which were then pooled and mixed. Large core 
samples were taken singly, but when suspensions were prepared, 
several portions were taken from along the core and pooled.
Soil is less prone than water samples to marked alter­
ations in bacterial populations within a short time of stor­
age. Johnson et al. (1959) suggested that soil samples 
should be stored in a cool place for a maximum of two weeks, 
although other workers reported rapid changes in the micro­
scopic population, starting within a few hours. James & 
Sutherland (1939) and Jensen (1962) rioted that counts were 
less variable if samples were used on the same day, and in
1968, Jensen recommended that samples should be processed 
within 6 hourso Opinions vary concerning storage temper­
atures; for example, temperatures of above 2°C (Burges,
1964), 0 - 5°C (Jensen, 1962), 4°C (Hollings, Dutch & Stout, 
1969; Stout, 1973a) and room temperature (Casida, Klein & 
Santoro, 1964), have been suggested as most suitable.
Many other factors, such as changes in aeration and 
moisture content, (Stotzky, Goos & Timonin, 1962) are 
thought to quickly cause alterations in the population.
Since there appears to be uncertainty as to the effects 
of, and best conditions for,storage of soil, samples collec­
ted in this investigation were used within a few hours and 
stored at 4°C until use.
As in the case of water, most viable counts of 
bacteria in soil have previously been obtained using the 
pour-plate method, but the same arguments in favour of the 
spread plate method apply here. Many recent workers have 
used spread-plates, eg. Christensen & Cook (1969), Stout 
(19714 and also in this investigation, with dilutions of a 
well shaken soil suspension as the inoculum. The various 
methods of estimating numbers of micro-organisms in soil 
have been critically studied and discussed by various 
workers, including Waksman (1922), James & Sutherland (1939); 
Skinner, Jones & Mollison (1952), Wieringa (1958) and 
Jensen(1962).
Media used in bacterial counts of soil are often of 
a higher nutrient concentration than those for water and 
probably reflect the naturally occurring nutrient concentrat­
ions. Such media as peptone yeast extract agar (Goodfellow,
Hill & Gray, 1968) and NA (Morris, 1954) are used, 
although soil extract agar (Lockhead & Burton, 1956;
Burges, 1964) is probably the most widely employed. The 
JNA used in my work, gave results comparable to those of 
other workers; while CDCA (containing a fungicide) was 
used to count chromobacteria. Plates were incubated at 
room temperature (as for water counts). Stout (1971a) found 
24 to 25°C to be most suitable, and Jensen (1962) consider­
ed that a temperature below 25°C, and preferably 20°C was 
the best for incubation of soil plates.
It is realised that various points of technique 
employed for the sake of efficiency and convenience, would 
not give maximum counts of soil, water or river sediments, 
but such losses of accuracy were outweighed by the wider 
investigation made possible. Results were analysed with 
the awareness that the techniques used had limitations.
The Occurrence of Chromobacteria (and others) in Water and 
Soil
The numbers of chromobacteria in the River Wey 
showed a seasonal variation, with a winter maximum and 
summer minimum. It is likely that this is a response to 
seasonal climatic variations as are many other biological 
fluctuations. Such climatic phenomena include rainfall 
and temperature.
Although there was no significant statistical 
correlation between chromobacterium count and total rainfall 
for 1, 3, 5 or 7 days prior to sampling, a significant 
positive correlation was found for the 2 and 4 day periods.
The chromobacterium counts at both sample sites (Guild­
ford and Bashing) showed an inverse correlation with river 
temperature, and that at Guildford was at the 99% signific­
ance level.
As pointed out by Pearce (1965) "...the existence of 
a marked correlation does not necessarily prove causation, 
least of all when observations are made over a period of 
time.11 Two variates may be correlated because they are 
affected by a common factor. In the case of the chromobact­
erium counts, which appear to fluctuate seasonally, it is 
likely that a high positive correlation would be found 
with other seasonal occurrences, such as the number of 
scarves worn by the population of the UK. It is quite clear 
that no direct causative link exists, although it is possible 
that both are affected by the seasonal variation in temper­
ature and that the link lies here. Thus, great care must 
be exercised in interpretation of correlation coefficients.
The composition of the freshwater bacterial flora is 
markedly influenced by rainfall, (Collins, 1960, 1970; Chen, 
1968) particularly during the winter. Surface run-off has 
been observed to carry soil bacteria as well as soil 
particles, in suspension, to water courses (Taylor, 1942; 
Gainey & Lord, 1952; Collins, 1963). Fred et al. (1924) 
also noted that "enormous” numbers of bacteria were carried 
from the soil by land drainage after heavy rainfall, partic­
ularly when the soil was saturated with water, or frozen. 
Taylor (1940) found statistical correlations of high signif­
icance between rainfall and the numbers of bacteria in lake 
water, especially in the winter. However, the correlation 
is not a simple one (Guthrie, 1968). Chromobacteria are
well known as soil organisms (see Introduction) and it is 
likely that, at least in part, their numbers in freshwater 
are thus influenced by rain. Surface run-off also carries 
nutrients into bodies of water.
The appearance of chromobacteria in rivers has been 
associated with soil contamination by rainfall (Calderini, 
1925) and Rice (1938) considered their presence as due to 
the introduction of soil into the river. Although only a 
low correlation was found between rainfall and the count of 
chromobacteria in the River Wey, an increase in their numbers 
was often observed subsequent to heavy rain storms, where 
water samples were collected shortly after (within 36 to 48 
hours) such downpours. This was roost evident in the summer, 
when isolated downpours occurred and numbers of chromo­
bacteria were low prior to the rain. If, as was often the 
case, samples were not taken until several days after a 
downpour (samples were taken weekly and later, fortnightly) 
no such subsequent increase in count was observed. It is 
likely that increases did occur but, as counts declined over 
the following few days (unless further rain fell) these 
peaks were missed. It would appear that the periodicity of 
sampling had a marked effect on the correlation, or lack of 
it, between these two variates, and unfortunately it was . 
practically impossible to sample more frequently.
During December 1973, after a period of 7 days with­
out rain a period of heavy rain occurred. Regular sampling 
during the following days revealed that the chromobacterium 
count closely mirrored the pattern of the rainfall, with a 
lag of a few hours, before increases occurred (see Fig 12). 
The subsequent decline in numbers was presumably due to wash-
out or dilution by water from upstream, less rich in 
chromobacteriao
Rainfall records were made at Guildford and it was 
not known whether the rainfall recorded was local or wide­
spread over the whole of the Wey catchment area. The 
amount of precipitation and, hence the the effect on the 
river, was considerably greater in a widespread downpour.
In such a downpour rain falling near to the sample point 
influenced samples considerably sooner than that falling 
30 miles upstream; the lag would be greater the nearer to 
the source the rainfall occurred. Also, localised rainfall 
occurring in other parts of the catchment area was not 
recorded, but the resulting rise in chroraobacterium count 
in the vicinity was, presumably, expressed later, as a rise 
in count at the sample point, as this water moved downstream. 
Many of the fluctuations in count, which did not correlate 
with Guildford rainfall records, may have been caused in 
this way.
As stated by Hynes (1970), only part of the precip­
itation falling on the soil surface reaches streams, rivers 
and lakes. Some percolates into the soil where it may be 
lost as deep ground water or is taken up by plants and 
transpired, and some evaporates from the soil surface. Only 
the remainder, as surface or subsurface run-off, or as 
shallow seepage, reaches the watercourse. Leopold (1962) 
found that less than j of the precipitation in the USA 
reaches watercourses, the rest being lost as deep ground­
water or by evapotranspiration. Precipitation reaching 
rivers by seepage or subsurface run-off carries very few
bacteria from the soil, while surface run-off (of over­
land flow) is usually a rich source of soil bacteria 
(Gainey & Lord, 1952). Surface run-off contributes most of 
the water to rivers (Einstein, 1972)* The amount of run-off 
produced during rainfall is dependant on such factors as 
soil permeability, quantity and fate of precipitation, the 
gradient of the soil surface, the amount of plant cover, etc. 
The velocity of flow and the nature of the soil particles 
determines the quantity of soil material to be carried.
Impact of raindrops breaks up soil aggregates and releases 
clay and organic particles (including bacteria) which, due 
to their lightness, may be carried away in continuous suspen­
sion (Ellison, 1948; Bullard, 1966; Foth & Turk, 1972). Silt 
particles may be rolled or dragged in intermittent stages.
The quantity of surface run-off produced is partly 
dependent on the rate at which the precipitation can perme­
ate into the soil. Any rain falling in excess of the 
infiltration rate will run off over the surface to the near­
est accessible watercourse (Sayre, 1950; Bullard, 1966;
Hynes, 1970). The state of hydration or dehydration of the 
surface layers of the soil have a major influence. Water is 
lost from the upper layers of the soil by evapotranspiration 
and the rate of loss is maximal during the summer when the 
temperature and plant activity are highest (Miller & Krus- 
kopf, 1932; Buckman & Brady, 1969; Hynes, 1970). Smith (1972) 
found that 80% of evapotranspiration occurred in June, July 
and August. This loss results in a soil-water deficit, so 
that precipitation is rapidly soaked up, and it is only when 
the deficit is removed that run-off will be formed. This
may be termed "effective rainfall" (Report, 1975) since 
it is that proportion of the total precipitation which 
will contribute to stream flow, and is therefore of part­
icular significance to hydrologists. During the winter 
low evapotranspiration and high rainfall may result in 
saturated or near saturated soil so that most of the rain­
fall exceeds the infiltration rate of the soil and forms 
run-off (Fred et al., 1924). In fact, surface run-off is 
highest from frozen soil (Hynes, 1970). (Other factors 
influencing soil permeability are discussed in detail on 
pagel92).
In this investigation it was noted that little 
surface run-off was produced during moderately heavy summer 
rainfall, storm-drains remaining dry in all but the heavi­
est summer storms. Also, it was only during these very 
heavy downpours (eg. 19.6.73, 14.7.73 and 6.8.73) that 
river level and chromobacterium count increased markedly. 
During the winter,soils remained noticeably moist and, even 
after relatively light rainfall, sufficient run-off was 
produced to make storm-drains flow and river level rise. 
Since winter rainfall was very frequent, it was usually 
impossible to attribute a rise in count of chromobacteria 
to one particular spell of rain.
The carriage of soil material to water courses, to 
produce silt (soil erosion), is greatly affected by the 
degree and type of plant ground cover. Leaves reduce the 
force of impact of rain drops hitting the soil surface; 
roots bind the soil together and maintain good soil permea­
bility (Miller & Krusekopf, 1932; Rutter, 1958). In the 
case of tree, particularly, precipitation may not reach
the ground, evaporating directly from leaf surfaces, and 
transpiration rapidly removes excess water from the upper 
soil layers. Soil erosion of agricultural land with low 
plant cover is often very high (Blench,1972), and Musgrove
(1947) found that.,fo.0at given precipitation the quantity 
of sediment eroded from fallow land or land in row crops 
is roughly 80 times the amount eroded from grassland,” 
Grassland gives less protection than forest (Sanders, 1972), 
although completely undisturbed soils yield little 
soil material and few bacteria, as compared with pastures 
and cultivated land (Gainey & Lord, 1952). Gainey & Lord 
considered wash-off of surface faecal material as an 
important source of bacteria. Disturbance of vegetable 
cover has often been found to increase soil erosion eg. 
Tilling, burning, grazing and afforestation (Kellogg, 1950; 
Wahrhaftig & Curry, 1967). In the USA, Wolman (1964) showed 
that urban construction increased sediment yield, by erosion, 
from 1000 to 100,000 tons/sq. mile of watershed. Thus, 
the amount of soil carried to a fiver, by surface run-off, 
is part dependant on the soil types and soil usage in the 
watershed.
The negative correlation observed between temperature 
and chromobacterium count may indicate a causative link, 
but more data would, clearly, be required before such 
could be proven. Certainly, seasonal temperature variation 
is an important factor in determining the proportion of 
precipitation that reaches the river (effective rainfall).
Temperature influences the survival of bacteria in 
aqueous suspension (Hoadley & Cheng, 1974) and may affect 
the survival and/or growth of chromobacteria in river 
water. Hynes (1970) noted that the temperature of large rivers 
usually equals the average monthly air temperature and 
therefore shows a seasonal variation. Langford (1972) 
observed that British rivers usually have a maximum of 
16 - 22°C during the summer. The River Wey showed a maxi­
mum mean temperature of 18.7°C (at Guildford) in June 1973, 
with the temperature dropping to 4.6°C for December 1973.
All strains of Chromobacterium isolated from the River Wey, 
and generally from temperate soils and waters, belong to 
the psychrophilic species (C.lividum) and are capable of 
growth, in suitable media, at temperatures below 4°C 
(Sneath, 1960). Even in distilled water suspension they 
will survive for long periods, and it is likely that low 
river temperatures would facilitate good survival of 
chromobacteria introduced into the river, and possibly 
active growth. Gray (1951) regarded chroraobacteria as 
characteristic of cold water, since he isolated them from a 
Cambridgeshire chalk-stream, only when the temperature was 
less than 6°C, and Ward (1898) only recorded chromobacteria 
from the River Thames during the winter. These findings may 
reflect the increase in chromobacteria during the winter 
possibly due to increased soil contamination, noted in this
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investigation. Fred et al. (19*ft?) and Taylor (1940) consid­
ered that temperature had little influence on the numbers 
of bacteria in lakes, and that winter increases in their 
numbers were attributable to increased rainfall. Jones 
(1971, 1972) on the other hand, observed a positive correl-
ation between lake bacteria count and temperature.
From the data obtained it is not possible to 
assess the importance of die-out as a contributory factor 
in the decrease in summer chromobacterium counts, or dist­
inguish it from dilution and wash-out by water from up­
stream, less rich in chroraobacteria. The long term monitor­
ing of chromobacteriura numbers seems to indicate that their 
occurrence is a result of a complex interaction, involving 
not only river temperature and rainfall, but many other 
factors. For example, increased flow rate after rain causes 
a concomitant rise in bank erosion, and also the sediment 
load carried by the river (Ordway, 1966), which is due to 
resuspension of bed material (sediments) and the bacteria 
contained within it. As stated by Smith (1966), "Since 
precipitation, the source of all run-off and subsurface 
water, varies seasonally, the rate and volume of stream 
flow also fluctuates widely from flood conditions to a 
nearly dry stream bed." The heterogeneity of soil in the 
watershed, in respect of its permeability and chromobacteria 
population, must, also be an important factor. Further work 
was designed to investigate some of these factors, and they 
are discussed later.
As many complex factors determine even the amount of 
surface run-off produced during rainfall, one could expect 
a higher correlation of chromobacterium count with river 
flow-rate or depth, since these avoid such variables as soil 
permeability. Gray (1951) observed an increased bacterial 
count with increasing river depth. This was in fact the 
case with depth records at Eashing, where a correlation of
over 99% significance was calculated, despite the fact 
that river depth had been considered a rather insensitive 
indicator of river discharge. Similar measurements at 
Guildford were of no use since in this canalised stretch 
of the River Wey, locks caused major variations in river 
depth independent of the true river discharge.
Despite the low correlation between rainfall and 
river chromobacteriura count based on a long term study, 
short term observations indicate that rainfall is in fact 
an important factor, but that the system contains too many 
unknown variables for a statistical analysis of the kind 
carried out here. Donahue, Shickluna and Robertson (1971) 
similarly found that the amount of run-off is variable 
and the rate of erosion correlates poorly with rainfall.
In the words of Pearce (1965), "...the absence of correlat­
ion does not mean that there is no association."
Total counts (iNA) were rather erratic and showed 
no clear seasonal fluctuation, although those fluctuations 
which did occur showed similar trends at both sample 
sites. Despite this lack of seasonal variation total and 
chromobacterium counts showed positive correlations of 
high significance (99% and over), at both sample points. 
Although long term trends of total and chromobacterium 
counts were quite different, short term trends, such as
increases after heavy rainfall, were very similar, and 
probably account for the high correlation values found. 
However, sudden increases, not attributable to rainfall, 
did occur. Over a year, total counts showed a 23-fold
difference between maximum and minimum, compared with a 
1,000-fold variation in the chromobacterium count.
It would appear that total counts were less affected 
by seasonal climatic variations. Although they &ose after 
rainfall, there was no cumulative effect during the winter, 
unlike that of the chromobacteria. Only part of the total 
count is influenced by rainfall (ie. comes from soil), while 
a large proportion are natural river organisms (autochthon­
ous) capable of active growth in the river0 This would tend 
to stabilize total counts throughout the year.
Gainey & Lord (1952) found spring water to be low in 
bacteria. Similarly, the springs at the source of the River 
Wey gave low total counts and were free of chromobacteria.
In the first series of counts along the river, numbers of 
bacteria built up rapidly from the source, but the rate of 
increase declined and the numbers stabilised after about 
30 km, for chromobacteria, and 15 km, for total counts.
It is noteworthy that the suspended sediment load increased 
in parallel to the chroraobacterium count, and the possible 
significance of this is discussed later. Counts in ^ this 
sample series were abnormally high due to a period of heavy 
rain and high river discharge, which may have masked finer 
variations in counts along the river length.
A second series, during a period of less extreme
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rainfall, showed a similar but less dramatic increase in 
the numbers of chromobacteria followed by a sudden decrease, 
resulting in a peak at 33 km from the source. Another 
major peak occurred at 63 km. The minor peaks may have been
artifacts produced by sampling or experimental error, 
but the two large ones are less easily explained. They 
may have been due to transient point inocula of chromo­
bacteria, such as could be caused by a spell of localised 
heavy rainfall. In this case, repeat samples some hours 
later would have revealed that the peak was moving down­
stream, and probably flattening on the way due to dilution. 
Similar phenomena have been observed with algal blooms in 
the River Thames (Personal communication from Mr R. Colling- 
wood and Dr T 0J0 Lack, through Dr M eO« Moss). Unfortunately 
it was not possible to follow up this hypothesis.
Fixed peaks, on the other hand, would indicate the 
presence of fixed points of inoculum of the chromobacteria, 
with subsequent reduction due to dilution and/or die-out.
The 63 km peak was a result of a sudden rise in count which 
occurred in the six km stretch between two sample points, 
while the 30 km peak was a cumulative effect over a series 
of samples along 24 km of river. This 63 km peak was 
probably due to one point source, such as an inflow, or a 
few closely grouped sources, while the other peak may have 
been due to many widely separated sources of inoculum or by 
steady introduction of chromobacteria over several miles0
It was noted that a large sewage outfall (Guildford) 
entered the river just before the 63 km peak, and that minor 
peaks occurred after the two other known sewage outfalls.
Chromobacteria have been isolated from sewage effluent (Jordon, 
1890) and activated sludge (Allen, 1944). James (1964) 
isolated them as a minor component of percolation filters, 
and also reported them as growing excellently in synthetic
sewage (Weinberger, 1949). Unfortunately, investigation 
of the sewage outfall as the cause of the 63 km peak was 
limited by the extreme decline in chromobacterium numbers 
in the river by the time of sampling (June), so that 
differences in count upstream and downstream of the outfall 
were not statistically significant. Also, it was not 
possible to take direct samples from the sewage outlet 
itself. However, a sample of effluent from one of the small­
er outfalls (associated with a minor peak) yielded between 
10 and 20 times more chromobacteria than the river itself.
It is likely that the 63 km peak in chromobacterium count 
was caused by the inflow of effluent from the large Guildford 
sewage works into the river, although no positive results 
could be produced to substantiate the hypothesis.
Low summer chromobacterium counts and other problems 
prevented a further sampling of the whole length of the 
River Wey, and so it was not possible to ascertain whether 
the observed peaks were transitory or permanent, or to gain 
any further information as to their origin.
Various other surface waters, considered to represent 
a wide variety of types, were screened for chromobacteria. 
According to the River Pollution Survey (Report, 1970), the 
River Mole, North Branch of River Wey and Stanford Brook 
were fairly polluted waters, and in a higher state of 
pollution than the River Wey, as defined by both biological 
and chemical criteria. A stream, at Eashing, which is clear, 
swift, shallow and spring fed, and Stag Hill Lake, which is 
a nearly static body of water, were also sampled. Despite
these differences, all responded to spells of heavy rain­
fall with a rise in chromobacterium count.
Increases in count (total and chromobacteria) after 
rain were concurrent with increased suspended silt content, 
which was probably derived from resuspension of river 
sediments due to increased river flow rate as well as from 
wash-in of eroded soil material (Hynes, 1970). Although 
water temperature variations may sometimes have been 
responsible for differences in counts, the Eashing stream 
showed that, under conditions of similar temperature, counts 
varied with rainfall.
The River Mole gave consistently higher counts than 
were obtained from parallel River Wey samples, which may, at 
least for total counts, reflect the higher dissolved nutrient 
concentration in this somewhat polluted river. This may 
also have been the case with Stanford Brook, since this 
river receives fairly large amounts of human and farm 
effluents, and at the time of sampling, had a high suspen­
ded algal content, indicating a high concentration of 
dissolved nutrients. Although it is uncertain whether 
chromobacteria are capable of growth in river water, poll­
uted rivers usually give higher total counts, while those 
with low organic nutrients support little or no growth of 
bacteria (Gainey & Lord, 1952).
In a series of samples taken from different rivers 
in South and South West England, the River Wey (Guildford) 
contained considerably more chromobacteria (eg. lllcfu/ml) 
than the other rivers and , much higher than a similar 
sample from the previous year (eg. 15cfu/ml). Counts from
the more turbid rivers (eg, about 20cfu/ml) compared well 
with the River Wey count from the previous year. This 
high River Wey count was probably due to an apparently local 
downpour which occurred prior to sampling at this site.
Water from clear, swift, oligotrophic rivers gave 
low total and chromobacterium counts eg. Test (2) and 
Kennet (15), while counts tended to be higher in turbid 
rivers with muddy beds. However, low chromobacterium counts 
did not necessarily reflect low total counts, for example 
the rivers Isle (5), Kennett (17) and Pang (18) had low 
chromobacterium counts, although their total counts varied 
markedly.
Differences in counts were not attributable to 
temperature variations, since all rivers had very similar 
temperature (=^10°c). Most rivers had pH values slightly 
above neutral, with the notable exceptions of the moorland 
rivers Exe (6) and Bark (7\ the waters of which were acidic 
and characteristically stained brown with dissolved humic 
acids and tannin (Reid, 1961). The low counts observed in 
these rivers may have been due to the low pH of the water, 
although such streams are oligotrophic, supporting little 
bacterial growth, and the presence of humic acids is consid­
ered to be lethal to bacteria (KUster, 1969).
Most of the river s sampled had their sources in 
chalkland, with the exceptions of the Exe, Barle, a tribut­
ary of the Exe and the Aville, which flowed from Exmoor. 
Wooldridge & Morgan (1965) described chalk as the principal 
water bearing formation in England. Gray (1951) only 
isolated chromobacteria for two months out of three years
in a Cambridgeshire chalk stream, and these months were 
in the winter.
Samples taken at points along the rivers showed a 
build-up in bacterial numbers as the rivers aged, as had 
previously been observed in the Wey# The Kennett results 
were too low to be statistically significant. The Parrett 
showed a marked increase in chromobacterium count between 
first and second samples, although total counts dropped.
This decrease may represent the toxic effect of salinity 
on the more halosensitive members of the bacterial flora, 
since the second sample was of brackish estuarine water 
(indicated by taste and by the salt marsh flora on the banks 
eg. Aster tripolium and Salicornia sp.) The nearby Brue 
(11), like the Parrett, was heavily la/den with fine brown 
silt and had a relatively high chromobacterium content.
A sample taken from the common estuary of these two rivers 
showed a reduced number of chromobacteria, although the 
suspended silt content was still considerable. Also, a 
marine mud sample from the area yielded no chromobacteria 
at all. This reduction in chromobacteria may have been due 
to dilution with sea water, rather than die-out due to 
increasing salinity0 Sneath (1960) reported that they could 
grow on media containing 3.5% NaCl (equivalent to the 
concentration in sea water), although Moffett & Colwell 
(1968) found all strains tested to be inhibited by 3% NaCl.
Unfortunately, rather low counts in many of the river 
samples and the small number of samples allow only broad 
comparisons. A more detailed analysis of the river water
(eg. chemistry, B.O.D.) would have only been of use if more 
statistically reliable and detailed counts had been made.
As the range of seasonal fluctuations in bacterial counts 
for the various rivers was not known, it was impossible to 
state whether counts were higher or lower than the seasonal 
average. The climatic conditions in the respective water­
sheds, prior to sampling, and hence the relative proportions 
of soil run-off in each river, was unknown. A further 
incalculable factor which is likely to influence the numbers 
of chroraobacteria in the rivers is the chromobacterium 
content of the soils in the respective catchment areas.
The age, corresponding turbidity, and silt content of 
the rivers seemed to have a connection with chromobacterium 
count. An exception to this was the River Thames (19), 
which contained few chromobacteria during this and earlier 
sampling, despite its very high suspended silt content.
Ward (1898) isolated chromobacteria from the Thames in the 
winter only.
It can at least be concluded that chromobacteria are 
widespread in rivers, being less numerous in clear young 
streams.
Various types of inflows into the river were investig­
ated as possible sources of chromobacteria. Water from an 
Eashing storm-drain, heavily laden with suspended soil, gave 
chromobacterium counts of up to 5000 cfu/ml. Counts were 
highest during winter rain which probably reflects the higher 
discharge or flow-rate of the drain at this time, since the 
amount and size of suspended matter carried by water increa­
ses with flow-rate (Macan, 1974). Certainly, the amount 
of suspended material in winter samples was much higher 
than in the summer. Total counts were correspondingly high, 
reaching 11 x 10^ cfu/ml. Fred et al. (1924) also found 
that storm drain water was very rich in bacteria. The 
source of the run-off feeding the storm drains (and hence 
the source of the suspended silt) probably has an important 
bearing on the chromobacterium content. The Dorking storm 
drain carried more suspended material but far fewer chromo­
bacteria and other bacteria than the Eashing drain. Whereas 
the Eashing drain carries run-off from pasture and arable 
land, the Dorking drain collects water from a town area and 
the silt carried was probably suspended road dust, rather 
than soil.
During heavy rain, rivulets of surface run-off could 
be seen to carry suspended soil material dislodged by the 
impact of raindrops. Samples of such water gave extremely 
high chromobacterium and total counts, even when no soil 
particles were visible in the samples. This process has 
been described in great detail by such workers as Ellison
(1948) and Foth & Turk (1972). Carriage of soil material, 
often over long distances, to form silt and sediments in 
rivers, is the basis of soil erosion, and is an extremely 
important cause of damage to agricultural land and other 
terrains. Aspects pertaining to the effect of seasonal 
temperature on the production of surface run-off were discu­
ssed earlier, but since the process may be the principal 
mechanism by which chromobacteria reach rivers, other 
aspects will be discussed in more detail, at this point.
Precipitation in excess of the infiltration capacity 
of the soil will form surface run-off and make its way, 
guided by microtopography, to the nearest accessible water­
course (Smith, 1972). As described earlier, the water 
content of a soil is an important factor; a soil water 
deficit greatly reduces surface run-off, while waterlogged 
or frozen soil is highly productive (Hynes, 1970). Soil 
permeability is largely dependant on soil pore size. Soils 
containing fine silt and clay having low pore size, are of 
low permeability (McLaren & Skujins, 1968), while sandy soils 
allow rapid percolation. Thus, percolation and surface run­
off levels vary considerably with different soils exposed 
to the same amount of rainfall (Stauffer, 1942). Many of 
the bank and flood-plain deposits of the River Wey, studied 
in this investigation, are composed of fine alluvial soil, 
with a low permeability. This is borne out by the swampy 
areas, several feet above river level, which occupy much of 
the Wey flood plain, except where they have been drained 
for agricultural purposes. Such poorly drained flood plain 
deposits are well known (Einstein, 1972). As a result, 
surface run-off was produced readily during fairly heavy 
rain, and even after light rain, in winter. Even so, rivu­
lets of run-off were observed to form more readily in areas 
where the soil had been compacted, such as foot paths.
Raindrops, which may fall at 20 mph, hitting the 
soil surface, break up soil aggregates and fine particles 
may then redeposit in the soil pores. The sealing of the 
soil surface greatly reduces permeability (Ellison, 1948; 
Bullard, 1966) although this effect is reduced by a high 
organic content (Foth & Turk, 1972)0
As the aggregates are broken up fine soil particles 
and organic matter (including bacteria) become highly 
transportable and are rapidly carried away. Some particles 
are thrown into the air by the splash of raindrops and as 
they fall, will move down inclines. Ellison considered 
that the impact of raindrops was responsible for 90% of 
soil erosion, with washing away of soil by surface run-off 
causing 10%. Particles too large to remain in suspension 
are often rolled along in intermittent stages. Foth & Turk 
pointed out that the rate of flow of the run-off determines 
the size of soil particles carried and is determined by 
the amount of rainfall as well as the slope of the land.
They also noted that clear run-off flowing over a smooth 
surface erodes little material, but when carrying suspended 
particles it is considerably more abrasive.
Samples were taken from various puddles which had 
formed during he avy rain. Such standing water formed on 
surfaces of low permeability such as areas of trodden soil. 
Trickles of surface run-off carried suspended soil particles 
to the puddles where the water was visibly turbid. Chromo­
bacterium counts were lower than those of flowing surface 
run-off, but this was probably due to the sedimentation of 
much of the soil material and associated bacteria, since 
the water was static or nearly so. Total counts, however, 
did not show a marked difference of this kind. Sedimenting 
soil particles carry down many bacteria with them (Renn, 
1937), and such was probably the case in the standing water 
of the puddles. Presumably chromobacteria were more 
efficiently sedimented out than most other types of bacteria.
Certainly, it has been reported by Khudyakov (1926) that 
certain strains and species of bacteria were more readily 
deposited than others. This may be because they are more 
readily adsorbed by soil particles (Peele, 1936). Some 
bacteria, such as chromobacteria, may also be preferentially 
sedimented due to adhesion to soil particles because of the 
production of adhesive extracellular products, and this 
possibility is discussed later. It is unlikely that reduct­
ion in chromobacterium counts was due to die-out because 
samples were taken within a few hours of the puddles being 
formed.
Other workers have isolated chromobacteria 
(C.violaceum) from similar sources; Black & Shahan (1938) 
from a pool of rain water, and Nunnally & Dunlop (1968) from 
muddy water.
Chromobacteria were present in a sample of human 
sewage effluent, and in two samples of farm effluent. It 
is unlikely that they were present as a result of active 
growth since numbers were low, despite high total count.
The effluent was diluted by surface run-off and in the farm 
effluent samples counts were higher after heavy rain. 
Chromobacteria have been regarded as indicative of faecal 
pollution of drinking water (Imbeaux, 1897; Breville, 1897). 
Jordan's (1890) record of chromobacteria in sewage effluent 
could, likewise, have been, from surface run-off, but 
Thomas & Thomas (194-7) regarded chromobacteria as part of 
the flora of farm effluent, since they isolated them as 6% 
of the total bacterial flora. In this investigation, however, 
they were found to be only 0.001 to 0.0001% of the total count.
Spring^ water was low in total count, and.free of 
chromobacteria, except in one case where the sample was 
contaminated with visible soil particles. Even after 
heavy rain no chromobacteria were isolated, although there 
did seem to be a slight rise in total count. Springs are 
usually points at which the water table breaks ground 
surface (Smith, 1972), and are therefore fed by percolation 
and ground water carrying very few bacteria (Gainey & Lord, 
1952). The water passes through deep strata virtually 
free of bacteria, and suspended bacteria are filtered out, 
those occurring having usually originated from contaminating 
surface water (Whipple, 1927; Gray, 1951).
In a series of samples from a land drainage system, 
built about a year previously, chromobacteria and total 
counts were moderate, but slightly below those of the river 
itself. Flow of water along the ditches was very small, 
most water having drained from the surrounding marshland in 
the previous months. Although flow rates increased during 
rainfall, at the time of sampling flow was at the basal 
level, being maintained by effluent seepage, in which per­
colation water and subsurface run-off enter the channel.
Such water, which is largely responsible for maintaining 
the baseflow of rivers in summer (Smith, 1972), carries very 
few bacteria (Whipple, 1927; Gainey & Lord, 1952). Some 
rain had fallen two days prior to sampling and the chromo- 
bacter ia present may have originated from soil washed in. 
However, they may have originated from the ditch sides and 
sediments as the water flowed past them.
Investigation of various types of inflow indicated 
that surface run-off is a major source of chromobacteria 
in the river, entering through storm-drains or "naturally" 
from the river banks during heavy rainfall* Other types of 
inflow, such as farm and treated sewage effluent, and land 
drainage ditches contained some chromobacteria, but consider­
ing their numbers and the quantity of water flowing from 
such inflows, they could not account for more than a small 
proportion of the chromobacterium population. Run-off, 
however, may enter the river continuously over large areas 
and in massive quantities during widespread and heavy rain. 
This is evident from the marked rise in river discharge 
after a downpour <, Springs are not regarded as a source of 
chromobacteria or other types, and probably reduce the count 
of bacteria by dilution, particularly in small rivers 
where they contribute a higher proportion of the total dis­
charge.
Various sediments, of different types, were sampled 
mainly from the River Wey. They included river water, which 
itself contained bacteria, and so it was only in cases 
where the silt plus water samples gave markedly higher 
counts than water alone, that the sediment could be considered 
to contain significant numbers of bacteria. The sampling 
technique used was designed to collect only the upper 
layers of the sediment. The number of aerobic bacteria 
decreases rapidly from the sediment surface downwards and 
this has been observed in marine sediment (Zobell, 1946) as 
well as lake sediment (Carpenter, 1939; Hayes & Anthony,
1959). This is presumably due to lack of oxygen, since it
only penetrates the sediment surface (Hayes, 1964).
Certainly, anaerobic bacteria are present in large numbers 
several centimetres down (Hayes, 1964)<>. The strains of 
C.livjdum from the River Wey were found to be practically 
incapable of anaerobic growth; in agreement with the find­
ings of other workers studying similar strains eg. Sneath 
(I960).
Chromobacteria were isolated from all sediment 
samples with the exception of an estuarine and, therefore, 
saline deposit, although reference to the parallel water 
sample indicates that they were not present in some sedi­
ments, but were present in the sample only as a consequence 
of their presence in the river water itself. Chromobacteria 
and other bacteria appeared to be very irregular in 
occurrence, although it must be borne in mind that these 
samples were only semi-quantitative.(between 10 and 20 g 
per litre of river water). Apparent differences may have, 
in part, been created by the differing weight of sediments. 
For example, 10 g of a light organic sediment has a consider­
ably greater volume than the equivalent weight of sandy 
sediment. This is a major problem in the comparison of 
sediment (and soil) populations. Expression of a population 
as colony forming units per unit volume, or surface area of 
sediment also have limitations and create technical 
difficulties.
There did not seem to be a straightforward correlation 
between organic content of the sediment and either chromo­
bacterium or total counts. However, Henrici & McCoy (1938) 
and Reuszer (1933), studying lake and marine sediments
respectively, regarded the numbers of bacireria to be 
dependant on organic content; in fact, Reuszer considered 
the distribution of bacteria to be directly related to 
organic content of the sediment. I found that, although 
sandy sediments with little or no visible organic content 
werej^low in chromobacteria, the highest yield relative to 
river water alone, was from a sandy sediment. Sediments 
and muds, rich in organic matter, also appeared to be rich 
in chromobacteria. Although the presence of organic 
nutrients is probably an important factor, many other 
factors are involved. Zobell (1946) reported that bacteria 
were more numerous in fine sediments, which was partly due 
to higher organic content, as well as many other factors.
The origin of the sediment chromobacteria may be 
one of active growth, utilising available organic matter 
present as particles or adsorbed onto the surface of the 
sediment granules (Zobell, 1946; Brock, 1966). They are 
known to be capable of active saprophytic growth in soil, 
so it seems probable that, of the diverse variety of 
nutritional and microenvironmental situations in a river, 
at least some sites are suitable for the growth of chromo­
bacteria. The high numbers in some samples indicate that 
some multiplication may be taking place. Certainly, Gray 
(1951) and Corpe (1954) considered freshwater as a natural 
habitat of some strains of Chromobacterium, although neither 
worker specified whether they grew in open water, on sedi­
ment surfaces or other sites.
It is likely that chromobacteria, washed in from the 
soil, are passively deposited on the surface of river sedi-
mentSo Hendricks (1971 a & b) found that stream sediments 
had a high adsorptive ability, but adsorption of both 
bacteria and nutrients was variable. He considered that, in 
the case of Salmonella spp. this process may serve to 
concentrate them.and provide the possibility of natural 
growth in the presence of suitable nutrients. This may 
also be the case with allochthonous chromobacteria.
Waksman & Vartiovaara (1938) found that mud adsorbed bact­
eria much more strongly than did sand, and this may be a 
factor in determining the lower numbers of chromobacteria 
usually recorded in sandy deposits. Rubentschik et al. (1936) 
and others found that adsorption to particles varied with 
different species of bacteria. It is unlikely that free 
bacteria deposit purely due to gravitation since their 
Specific Gravity is only just above 1, so that settlement 
is extremely slow even in perfectly still water (which does 
not exist in lakes, let alone rivers). In fact, Whipple 
(1927) estimated that a bacterial cell would take 55 hours 
to gravitate one foot in perfectly still water at 10°C.
Gainey & Lord (1952) stated, "As silt settled it acted more 
or less as a filter screen and carried down with it small 
particles." They also cited other workers who had observed 
decreased bacterial counts in standing or nearly still 
water, due to sedimentation. Renn (1937) also found that 
settlement of particulate matter carries down many bacteria 
to bottom sediments. As discussed previously,bacteria are 
well known to be electrostatically adsorbed to sedimenting 
soil particles, so that they are rapidly drawn from 
suspension and the rate of the process varies with type of 
soil, type of bacteria, pH etc.
Collins (1963, 1970) considered that bacteria were 
washed from the soil attached to soil particles and that 
these would deposit more rapidly than free suspended 
bacteria. Therefore soil bacteria with a tendancy to 
adhere to soil particles would be selectively deposited 
onto the bottom sediments. Some bacteria adhere to clay and 
humus particles "...as distinct masses associated with 
slimy bacterial secretions0" (Alexander, 1961). Many soil 
strains of chromobacteria are known to produce a gelatinous 
extracellular polysaccharide (Corpe, 1958) which is consid­
ered to be important in soil aggregate formation (Hepper, 
1975; see also page 33 )• Maigetter & Pfister (1975) 
described C.lividum as an "adherent" type of bacterium, 
which, by virtue of its "sticky" slime layer, was able to 
attach to surfaces and produce aggregates with particulate 
matter. Some strains of chromobacteria may, therefore, be 
selectively deposited onto bottom sediments, while the non­
adherent types would only be carried down be electrostatic 
adsorption to sedimenting particles.
River sediments are predominantly formed from eroded 
land surface, especially soil (Bullard, 1966; Ballinger & 
McKee, 1971) which settles to the river bed. The process 
of soil erosion and sediment formation is a complex inter­
action of many factors intimately linked to the flow 
properties of the river, and the process has been studied 
and discussed in great depth (eg. Leopold, 1962; Strahler, 
1963; Leopold, Wolman & Miller, 1964; Ordway, 1966; Hynes, 
1970; Macan, 1974).
Silt deposition is dependant on the flow rate of the
water so that at mean river flow only heavier particles 
are deposited, but. in slow or still water, fine muddy 
sediments (rich in organic material) may form (Wooldridge 
& Morgan, 1965 ; Smith, 1966), but such deposits are usually 
localised (Ballinger & McKee, 1971).
Normal river flow is always turbulent and much of 
this is caused by the heterogeneity of the substratum 
(Macan, 1974). But Hynes (1970) stated that "Heat is 
generated by friction with the stream bed and it causes 
upward migration of turbulent eddies, and it is this migra­
tion of turbulence which supports and lifts suspended sedi­
ment." Fine material (silt and mud) will generally begin 
to settle out at a mean flow rate up to 20 cm/sec and where 
the velocity does not normally exceed 20-40 cm/sec,the bed 
will be made of sand (Einsele, I960). This is the case with 
the River Wey, particularly at Eashing, where, in mid-flow, 
the bottom is sandy, although muddy deposits, sometimes very 
transitory, form in areas of slow flow. The presence of 
an obstruction such as a stone, causes local variations in 
flow rate, so that fine, particles will deposit in the area 
of dead water downstream of the object. Mud and silt 
may be deposited in shallows, backwaters or as a temporary 
thin layer (Hynes, 1970). Lakes and reservoirs allow much 
deposition of suspended material, or wash load, and deltas 
may form at inflows of rivers as the water slows (Einstein, 
1972). Deposits of silt may form large banks at points of 
river channel expansion (Braden, 1951; Hynes, 1970), and on 
the convex bank of meanders.
Deposition alone may account for the low numbers of
chromobacteria in some sediments, but it would seem, from 
the considerable numbers in others, that active growth of 
at least some chromobacteria does take place in certain 
suitable microenvironments. If their occurrence was solely 
a result of passive deposition, without any further 
multiplication, one would not expect such variation between 
two apparently similar sediments, as was often found. 
Indeed, the situation seems very like that in soil, where 
chromobacteria are extremely irregular in occurrence 
(Stout, 1961a) and probably demonstrates that they occur 
in isolated pockets of growth, on suitable substrates. 
Absence of truly quantitative results and the small numbers 
of samples tested makes anything more than broad generalis­
ations impossible.
It can, however, be said that chromobacteria are 
present in river sediments, often in considerable numbers, 
and that this ’store’ of chromobacteria stands as a 
potential source, apart from run-off contamination, capable 
of resuspension in the river water.
Due to the everchanging patterns of turbulence and 
eddy formation in a river, the bottom substrata are in 
constant motion. As described by Leopold, Wolman & Millar 
(1964), two or three types of sediment are recognised. Bed 
load is that part of the sediment which is slid, rolled or 
saltated on or near the river bed, and includes heavier 
particles. Suspended load is the sediment which is carried 
in free suspension in mid water and consists of lighter 
material. However, in the same way as sediment deposition 
is dependant on flow rate, so also is sediment suspension.
The heavier part of the suspended load may at any moment 
become bed load, and vice versa® Some workers also use 
the term wash load to describe the part of the sediment 
constantly held in suspension, and includes colloidal clays 
and small organic particles, such as bacteria.
River flow rate increases most markedly after heavy 
rain, when the river level can be seen to rise and on such 
occasions much of the bottom sediment (bed load) is scoured, 
becoming suspended load (Smith, 1966; Hynes, 1970)* In 
fact, flood flows may contain more than 10% by weight of 
suspended silt (Grover & Harrington, 1966). Other causes 
of increased scouring of river deposits include straighten­
ing of meanders and concrete lining of river channels which 
increase flow rate and therefore erosion, silt transport­
ation and depth of scour during floods,as well (Curry, 1972). 
Berg (1943) pointed out that the removal, by seasonal die 
back (during winter), of aquatic vegetation, caused a marked 
increase in the flow rate of rivers. River Wey samples 
taken while the river was in spate contained considerably 
more silt than normal samples, and also gave much higher 
chromobacterium counts. The river water was visibly turbid 
and brown, due to the large amount of suspended material. 
Resuspension of these river sediments must also cause 
suspension of chromobacteria present within them. Therefore, 
an increase in chromobacterium count after heavy rainfall may 
be due to introduction of soil chromobacteria in surface run­
off and also the resuspension of sediment derived chromo­
bacteria as the river flow rate increases. Of course, small 
numbers must be steadily brought into suspension, even at
times of low flow, due to local scouring and plucking of 
sediments by transient eddies and turbulence,, This may 
account for those chromobacteria present in the river 
water after long periods of no rainfall®
Disturbance of an organic sediment known to contain 
chromobacteria resulted in a marked rise in both the 
chromobacteria and total counts in the column of water 
above the sediment and a subsequent increase of a lower 
magnitude (probably due to dilution) 200 metres downstream. 
Grimes (1975) studied the relationship between sediment 
and the overlying water column. He found that the rate of 
release of sedimented coliforms depended on the type of 
bottom material, water currents and dilution effects. 
Disturbance of such sediments caused a rise in the water 
coliform count. Van Donsel & Geldreich (1971) stated that 
"...the mud water interface is not a static system. Sludge 
banks can shift to new positions on the stream bottom in 
response to currents and storms, and dredging operations 
can scour bottom deposits resuspending them and scattering 
the material downstream" They considered that salmonella 
etc., in these sediments, which would thus be resuspended, 
could be a potential health hazard to swimmers. Collins 
(1963, 1970) also pointed out that lake sediments release 
organisms and so affect the suspended flora in the water 
above.
Temperature too, has an effect on the carriage of 
suspended material in rivers. Shadin (1956) found that 
silt sinks twice as fast at 23°C as it does at 0°C. Thus,
warm summer water, with a lower viscosity, carries less 
silt at a given flow rate, although warm water flows faster
than cold water (0.5% faster for every 1°C rise, between 
4 and 20°C)(Hynes, 1970), and therefore must at least 
partly counteract the latter effect.
Increased river flow rate after heavy rainfall has 
other effects besides resuspending bottom deposits. Among 
these effects is an increase in bank erosion. Erosion 
occurs particularly on river bends and meanders, where the 
main current swings from one bank to the other (Hynes, 1970). 
Erosion is highest in areas of unstable soils when large 
amounts may be deposited in the river (Frazer, 1972), 
although bank stability is greatly increased by the root 
mats of plant growth (Leopold, Wolman & Miller, 1964; 
Einstein, 1972). Gray (1951) considered the falling of 
bank soil as an important source of soil bacteria in rivers. 
During times of high flow, I commonly observed fairly large 
sections of bank soil falling into the river due to under­
cutting of the banks. This may well serve as a further 
mechanism by which soil borne chromobacteria are introduced 
to rivers. Since routine sampling of the River Wey had 
indicated that at least some isolates were of soil origin, 
the occurrence of chromobacteria in soils was investigated.
Bacterial counts of samples from a soil profile 
revealed that large numbers were present in the top humified 
layer, but that numbers decreased with depth. Chromobacteria 
were only present in the top layer, apart from a single 
isolate lower down. All but the top strata was composed of 
very fine, yellow, alluvial deposit with low permeability, 
and in fact, the lower part of the profile was waterlogged, 
the horizon just above river level being grey-black and 
possibly anaerobic. Timonin (1935) and other workers have
reported aerobic bacteria to be much more numerous in 
the surface layers of most soils and considered this to be 
mainly due to their requirements for organic nutrients. 
Timonin noted, however, that a similar decrease occurred 
in peat profiles where the organic content is similar 
throughout, and that oxygen availability was probably an 
important cause of the phenomenon. Stout (1960), studying 
a sandy loam, and Burges (1964) studying a "uniform" soil, 
similarly reported much higher numbers in the top few 
centimetres.
Earlier investigations had indicated that water 
percolating through soil carried few chromobacteria, or 
other bacteria, since springs fed by such seepage gave low 
total counts. This verified the findings of other workers. 
Burges (1964), however, thought that bacteria were probably 
carried down through the soil, suspended in percolating 
water, since fungal spores and algae had been shown to do 
so. Novogrudskiy (1936) found that 99.9% of the bacteria 
in the top most horizon of a podzol were in or attached to 
soil particles and only 0.1% were free in the soil water. 
Alexander (1961) likewise, observed that most bacteria 
adhered to clay and humus particles; only a few being free 
in the liquid. He thought that many bacteria adhere to 
particles by slimy extracellular secretions. Burges (1964) 
had a similar view. These slimy polysaccharides are produced 
by many strains of soil chromobacteria (Corpe, 1958) and way 
enable them to adhere to solid surfaces. Many of these 
"gelatinous" strains of chromobacteria were isolated on 
CDCA spread-plates.
The phenomenon of electrostatic adsorption of 
bacteria by soil particles has been discussed previously 
in detail (see page 107)© The filtration effect of soil on 
bacteria in percolating water (Whipple, 1927; Alexander,
1961) is probably due to this phenomenon and may, in part, 
account for the decline in bacterial numbers with soil 
depth. The degree of adsorption varies with bacterial 
species, apart from many other factors (Sukachev & Dylis, 
1964) and it is possible that even "non-gelatinous" chromo­
bacteria are more strongly adsorbed than many other soil 
forms. The poor permeability of the lower deposits in the 
profile I studied probably allowed little percolation, 
although higher in the horizon the soil was fairly permeable. 
Mace (1888, 1889) isolated chromobacteria from depths of 
2 and 3.2 metres, in soil. Such factors as oxygen and 
nutrient availability undoubtedly have an influence on the 
distribution of bacteria through profiles. However, what­
ever the reasons, it is unlikely that chromobacteria or 
many other organisms are carried from the soil to the river 
by percolation and effluent seepage.
Counts of chromobacteria and total counts were very 
variable, in the variety of soil types sampled, although 
this could not be attributed to any particular cause. Soil 
bacteria generally are well known to be very irregular in 
their occurrence (Johnson et al., 1959; Burges, 1964) and 
this is thought to be due to the extreme heterogeneity of 
soil, as an environment for bacteria. This irregular 
occurrence was evident in chromobacteria also.
Even samples of soils from the same proximity showed
great variations in chromobacteria and total counts. The 
ratio of chromobacteria to total counts also varied 
erratically. Inaccuracy in the counting procedure, caused 
by the occurrence of soil bacteria in microcolonies which 
become dispersed to varying degrees,during sample treatment, 
must greatly exaggerate the apparent heterogeneity of the 
bacterial population. Bacteria are usually distributed in 
clusters of a few hundred or a few thousand cells (Krasil* 
nikov, 1936J Zvyagintsev, 1962; Jones & Griffiths,
1964), and in the words of Alexander (1961), appear as 
"...distinct masses associated with slimy bacterial secret­
ions in soil." This must certainly be the case with the 
gelatinous chromobacteria and represents a major limitation 
in the use of plate counting.
As in this investigation, other workers have found 
numbers of chromobacteria to be extremely irregular.
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Stout (1961 a) obtained counts of 90 x 10 and 210 x 10 cfu/g 
of wet soil in a subalpine and a pasture soil, respectively, 
but numbers were much lower in other soils. His results 
compare very closely with the higher counts in my investig­
ation. Stout could find no association of the chromobacteria 
with any particular ecological situation. Christensen &
Cook (1970) isolated C.lividum in numbers ranging from
2 2 40 x 10 to 1820 x 10 cfu/g of dry soil, and considered
them to be associated with humified layers, in Alberta
muskeg. Skyring & Quadling (1969) also isolated them from
Canadian soils. Counts obtained by Corpe (1951) in various
2 2soils, ranged from 1 x 10 to 100 x 10 cfu/g. They were 
most numerous in clay loam garden soil and least common in
river bank soil under sparse vegetation. Pasture soil 
under heavy grass and hillside soil under grass gave 
moderate counts. Jensen (1963) isolated them "...now and 
again..." from Danish beech mull, but not from the totally 
organic mor soil. My findings likewise indicate that 
chromobacteria are present in a wide variety of soil types, 
but with no clear pattern of distribution.
As reported by Holding (1960)^ they showed no pref­
erence for rhizosphere soil, although Dudchenko et al.(1973) 
f^nd them to be more numerous in crop rhizosphere than in 
perennial grass rhizosphere.
Christensen & Cook (1970) concluded from their 
studies of Alberta muskeg, that chromobacteria probably 
require simple proteins and carbohydrates released by the 
decomposing action of other soil organisms and were, there­
fore, more common in highly fermented vegetable matter. 
However, my findings tend to indicate otherwise. The high­
est chromobacterium count (as expressed per g of dry soil) 
was from a mat of decomposing vegetation. The fact that 
the corresponding total count was particularly low indicates 
that large numbers of decomposers are not required to 
actively ferment the material, before a large chromobacterium 
population can develop. Also the vegetable matter was not 
highly fermented, at the surface, where the sample was 
taken, and much of the original plant structures could be 
clearly discerned.
In agreement with Christensen & Cook (1970) there 
was no obvious seasonal variation in the chromobacterium 
countso
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Total counts varied from about 10 to 10 cfu/g of
dry soil, which compared well with the findings of other
workerso Quastel (1946) recorded up to 10 cfu/g in typical
field soil, while Timonin (.1935) counted 10^ - 10^cfu/g of
dry soil* Gainey & Lord (1952) regarded 10^ - 10®cfu/g
as typical, while Stout (1961 a) found a lower range^of 
4 710 to 10 cfu/g. Of course, such estimates vary depending 
on the plate count technique usede
Total counts tended to be highest in moist organic 
soils. Although organic Content is an important controlling 
factor in populations of heterotrophs (Timonin, 1935; 
Alexander, 1961), moisture content is also considered to 
be important (Seifert, 1960, 1961). Numbers of bacteria 
are maximal in moist but well drained soils, both dehydration 
and waterlogging causing a decrease (Russel, 1968; Gray & 
Williams, 1971; Franz, 1973). Water content has a marked 
influence on oxygen availability in soils, and temperature 
has a marked influence on both of these (McLaren & Skujins, 
1968), although the relationship is not a simple one 
(Thornton & Taylor, 1935). Of course, many other factors 
such as soil acidity also influence the bacterial content.
Total counts seemed to be lowest during the summer 
and autumn, which may have been due to drying of the soil 
during the hotter weather. Many workers have reported 
similar seasonal fluctuations (eg. Timonin, 1935; Buckman & 
Brady, 1969) and Stout(1960), also, found numbers to be 
highest in spring and winter. Alexander (1961) considered 
the seasonal variation as a compound effect of many factors.
No factors seem to correlate clearly with the 
variations in either chromobacteria or total counts. The 
situation appears to be similar to that in sediments, where 
counts were irregular and unpredictable. Of course, matters 
were undoubtedly exacerbated by the low number of samples 
and experimental error. These and the interaction of many 
factors serve to cloud the effect of any single influence.
The macroscopic concept of the microbial environment may 
work to an extent in freely mixing, and relatively homogen­
ous bodies of water, but breaks down in the highly hetero­
genous soil and sediment environments. Alexander (1964)
pointed out that such factors as ”...CO_, O , H O, pH,& £ &
osmotic pressure, oxidation-reduction potential, all vary at 
microscopic dimensions that demarcate the habitats of the 
microflora”, and apparent minor deviations in these proper­
ties M...may have drastic influences at points 1 cm apart, 
no less 1 metre or 1 mile apart.” Gray (1969) observed 
that soil organisms exhibit more variation than close rela­
tives in other habitats and regarded this as a response to 
the multiplicity of the micro-habitats. As previously 
discussed, the ecology of chromobacteria in soil is obscure 
and their extreme irregularity of occurrence is, in the 
words of J. D. Stout, ”very perplexing”.
The problem was well stated by Gray (1969), ”In 
general it is only possible to make crude guesses about 
the relationship of the isolated organisms with their origin­
al habitat. Further, it is virtually impossible to comment 
on the extent and nature of many of the microhabitats from 
which these organisms come.” Ideally, the bacteria should 
be identified in situ in a clearly visible micro-environment,
although this is only rarely possible. However, the main 
point of the exercise, in my investigation, was to investig­
ate the distribution of chromobacteria in soils with a view 
to understanding soil as a possible source of water borne 
chromobacteria. It can now be said that, in agreement with 
Corpe and Stout, chromobacteria occur in a wide variety of 
soil types, although their numbers vary greatly, and that 
they could not be seen to be associated with any specific 
habitat.
Wedge samplers were designed to collect percolation 
water close to the river, to ascertain whether chromobacteria 
were carried to the river by such drainage. The earlier 
soil profile investigation had indicated that there was 
little or no vertical movement of chromobacteria down 
through the same deposits.
The alluvial bank material into which the wedges 
were driven was of poor permeability so that very little 
percolation water was collected. Large fluctuations in 
river level sometimes swamped the installation and long 
periods of no rain made matters worse. The week or so requi­
red to collect enough sample for screening allowed the 
bacteria to multiply so that massive errors in estimated 
counts must have occurred. The chromobacteria that were 
present may well have been contaminants from the swollen 
river.
It was hoped to use the apparatus in a more permeable 
soil formation, but no suitable site could be found. The 
project was therefore discontinued.
The earlier sampling series over the first 38 km 
of river had been carried out during a period of unusually 
heavy rainfall. This resulted in, not only very high 
chromobacteriura and total counts, but also large quantities 
of suspended sediment in the river. Turbidity in later 
series was mainly attributable to plankton and suspended 
organic matter and was measured using a nephalometer, rather 
than by dry weight®
In the 1st Haslemere series the chromobacterium 
count increased from 0 to 67cfu/ml in the 1.3 km between 
the first two samples (A1A1-B1) (See Map B). In the 2nd 
series a further 5 samples were taken between these points, 
and a marked increase still occurred between the source 
and the next sample, now a distance 0.32 km. A 3rd series 
narrowed this to a stretch 0.16 to 0.24 km from the source, 
(A1B-A1C) and a 4th and final series also indicated a 
chromobacteriura source in the same stretch. The stretch 
of the stream passed near to the cattleshed of a farm.
Stream sediment samples from the area contained variable 
but significant numbers of chromobacteria. In fact, even 
sediment and bank soil at the source contained chromobacteria.
As no chromobacteria were ever detected from the 
spring feeding the stream (apparently no other springs 
flowed in for 1 km or so) and no other inflow could be 
found in the area, the chromobacteria must have originated 
from the stream sediment or bank. The farm certainly seemed 
to be a likely source, although no flow of effluent into 
the stream could be seen. Erosion of bank soil containing 
large numbers of chromobacteria, possibly due to enrichment
by faecal material from the cowshed may have been the 
source. Thomas & Thomas (1947) isolated large numbers 
of chromobacteria from farm effluent, although I recorded 
only low or moderate numbers from such.sources, insufficient 
to account for the numbers in the stream, and neither was 
there noticeable inflow of effluent and discolouration of 
the water.
A large amount of suspended organic particles could 
be seen in the stream water, after only 0.2 km from the 
source. This probably originated from black, beech leaf 
debris, pie sent in the stream near its source, which had 
been found to contain chromobacteria. The shallowness and 
turbulence of the stream caused continual disturbance of 
this light sediment so that the debris and, presumably, any 
chromobacteria (and other bacteria) it contained was brought 
into suspension. However, in both the 3rd and 4th sampling 
series only a small increase in chromobacterium count 
occurred after the stream had flowed over this sediment 
(before A1B), while there was a massive increase (9-fold 
and 25CUfold in the 3rd and 4th series, respectively) in 
the stretch by the farm (A1B-A1C), where sediments were 
rich in chromobacteria, (See Map B).
Although no definite source could be pin-pointed 
that could account for the increase in the chromobacteriura 
count, sediment and bank erosion were certainly partly 
responsible. Chromobacteria occur in the river in the 
complete absence of soil contamination from surface run-off 
caused by rainfall. The rapid drop in count observed in 
the stream after the farm was probably due to dilution as 
well as deposition or adsorption onto the stream bed, in
the absence of any further rich source of chromobacteria.
It is interesting that total counts changed independ­
ently of the chromobacteria and generally rose steadily 
from the source, without the sudden increase and subsequent 
decrease observed in the latter. The bacteria composing 
the total count originated from sediment and soil erosion, 
as opposed to active growth in suspension, since only a 
short time elapsed during the passage of water from the 
source and the stream water was probably very low in dissol­
ved nutrients. Numbers fluctuated much less than the 
chromobacterium counts. Although this was certainly partly 
due to a lower statistical variability as estimates were 
based on larger numbers of colonies, the total count was 
composed of many species so that a change in the numbers of 
any one would have little effect on the total count.
Tfoe four lakes through which the stream {River Wey) 
flowed seemed to have an erratic effect on the chromobacteriura 
content of the water, which sometimes resulted in a rise 
and other times in a fall in count. As the inflow rate was 
lowjwater was retained for a long period in each lake, and 
must have undergone drastic physical and chemical changes, 
which in turn altered the environment of those organisms 
suspended in the water. Apart from changing from rapidly 
flowing to virtually static water, the lakes contained muddy 
sediments which undoubtedly contributed bacteria and nutrients 
to the overlying water (Collins, 1963). The water supported 
large populations of algae and was green and turbid as a 
result. Taylor (1940) considered organic matter produced by
plankton such as algae, to be responsible for increases 
sometimes observed in lakes; and cited similar conclusions 
by Henrici (1938). He also found that rapid decreases in 
bacterial numbers occurred as rivers flowed into lakes.
Fred et al. (1924), likewise, reported that ”...bacteria 
washed into a lake from an inflowing stream tend to disapp­
ear very rapidly.” As rivers enter lakes or reservoirs the 
decreased flow rate allows deposition of suspended particulate 
matter (Einstein, 1972), which may form a delta at the point 
of inflow (Harrison, 1953). As discussed earlier, deposition 
of silt may cause deposition of suspended bacteria. Gainey 
& Lord (1952) felt that sedimentation was responsible for 
much of the decline in bacteria numbers often observed in 
lakes and reservoirs.
The effect of a lake upon the suspended bacterial 
population of an inflowing river is a complex interaction 
of various known factors, and probably many more unknown 
ones. Some tend to increase the population and some decrease 
it, and the balance of these may be dependent on a multitude 
of factors. The presence of the lakes served as a rather 
unpredictable complication in the development of the chromo­
bacterium and total counts in the early stretches of the 
River Wey. However, further investigation may have uncovered a 
rich source of chromobacteria for the river which lay in the 
vicinity of the farm. Due to the relatively low discharge 
of the River Wey near to its source, only a relatively small 
area of bank or sediment may have been responsible.
The various mechanisms, so far discussed, by 
which chromobacteria may be introduced into - open driver 
water all indicate an association with soil or sediment 
particles. Throughout the field-work, many occasions of 
high chromobacterium count were concurrent with high suspen­
ded silt content in the water, which was presumably derived 
from scoured sediment or eroded soil from the watershed. 
Although increases in total count also often occurred, they 
were usually of a lower order. Collins (1960, 1963, 1970) 
has pointed out that some types of allochthonous bacteria, 
in lake water, are associated with washed in soil particles, 
and that their numbers decrease with settlement of the 
particles. Farr & Baker (1974) did not find a correlation 
between the numbers of aerobic heterotrophs and either 
discharge or suspended solids content of a river. They did^ 
however^cite the work of Niemala (1973) who did find such 
a correlation.
Particulate matter can be divided into a number of 
types. Reid (1961) recognised two groups of suspended 
material (seston) ie0 living matter or plankton and dead 
detritus and colloidal minerals or tripton. These two 
groups would only include long term suspended material or 
wash-load, found in lakes and rivers at low flow. The 
suspended material observed in lakes, in the Haslemere 
sampling series and described previously, was of this type 
and did not show any correlation with the number of chromo­
bacteria in the water. A further type of particulate matter 
can be defined which has greater significance for the occurr­
ence of chromobacteria. This is the heavier silt that is 
only suspended during high river flow, such as after heavy
rain.
The connection of chromobacteria with suspended 
particulate matter would seem to be one of common origin 
in that the chromobacteria are contained within the deposits 
from which the silt is derived, and hence comes into 
suspension attached to these particles or in free suspension 
when the deposits are eroded. The association is probably 
not one of active attachment and growth on the surface of 
permanently suspended particles, as is the case with some 
water organisms (Collins, 1960; Brock, 1966).
V SIMULATION EXPERIMENTS
MATERIALS AND METHODS
Batch Culture Experiments *
1A Apparatus: (See Fig 15 and Plate 4 ).
Vessel and lid: 10 1 Quickfit glass vessel with top
containing five ports ie. a large sample port, a central 
port (for the stirrer) and three small ports for air 
inlets and outlets. The lid and vessel had a ground glass 
seal.
Temperature Control: A large chromatography tank was
used as a water bath, the temperature being maintained 
with a Churchill Chiller - Thermocirculator Unit. Thymol 
was added to the water as a bacteriocide.
Stirrer System: A Quickfit STl/2 fixed blade stirrer was
driven by a Citenco KQTS/ll motor, running at about 200 rpm0 
The stirrer shaft entered the vessel via a Quickfit ST20/2 
sterile gland (lubricated with silicon grease), inserted in 
the central port of the lid. A length of rubber tubing was 
fixed between the motor and the glass stirrer shaft to 
provide a flexible joint which overcame the problem of exact 
alignment of the motor.
Air Supply: Two Reno Super aquarium pumps supplied air,
via two Millipore HAWP 0.2500 (HA 0.45 ;25mm) filter 
membranes in Swinnex 25 units, and a humidifier (Quickfit).
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PLATE 4 Batch Culture Apparatus.
Air was supplied at 102 to 1.4 l/min. ie0 45 to 53 air 
changes/houro Air passed out through two air filters, 
similar to those used on the inlet.
Oxygen Meter: EIL Portable Oxygen Meter 1520*
Light Shield: The vessel and water bath were covered with
aluminium foil (Bacofoil) to exclude light and therefore 
minimise algal growth.
IB Method:
A series of four experiments were carried out as 
follows:-
Experiment 1 Winter River water (9.5°C) in vessel operating
at 6°C
Experiment 2 - Summer river water (18°C) in vessel operating
at 17°C
Experiment 3 - Summer river water (15°C) and Soil in vessel
operating at 15°C
Experiment 4 - Summer river water (15°C) and Soil in vessel
ooperating at 6 C.
In Experiments, 1 and 2, river water alone was 
placed in the vessel, and they differed in both the river 
temperature at the time of collection, and the operational 
temperature of the apparatus. Ten litres of river water 
were placed in the presterilised apparatus within 15 minutes 
of collection from the River Wey at Guildford. The water 
was stirred at approximately 200 rpm, which maintained an 
oxygen level of 95-100% saturation. The air space above 
the water was continually replenished with fresh sterile 
air. This served to maintain a slight positive pressure
which reduced the likelihood of the entry of non sterile 
air were any air leaks to occur in the system. During a 
period of several weeks samples (10 ml) were regularly 
removed and screened for chromobacterium and total counts, 
as described for routine river water counts (See Page 112).
Experiment 3 was carried out in a similar way, but 
the river water was contaminated with soil. 100 g of a 
moist loam were shaken in 1 litre of sterile distilled water 
for 15 minutes and then left for 2 minutes to allow precipit­
ation of the heavier particulate matter. The first 100 ml 
was discarded to remove floating organic debris, and 500 ml 
of the remaining supernatant was added to the 10 1 of river 
water in the vessel. Chromobacterium and total counts were 
carried out on the water in the vessel immediately before 
and after addition of the soil suspension. The water in the 
vessel was sampled regularly as in Experiments 1 and 2, but 
chromobacterium counts were carried out on CDCA, rather than 
CDA (See Page 77 )#
In Experiment 4 the river water was also contaminated 
with soil, but a richer source of chromobacteria was used.
50 g of sandy loam and 50 g of rotting vegetable matter 
known to contain large numbers of chromobacteria, were shaken 
with 1 litre of sterile distilled water, and this used to 
contaminate the river water in the vessel, ak before. The 
vessel temperature was maintained at 6°C (rather than 15°C 
in Experiment 3).
At the end of Experiment 4 the sides of the drained 
vessel were swabbed to estimate the numbers of bacteria 
attached to the glass surfaces. Alginate swabs (Calgitex 
Wool) were used to sample a 3 x 3 cm area, indicated by a
template made of Neoprin sheet. Three consecutive swabs 
were taken of each area and placed together in 10 ml Calgon 
Ringers solution and shaken for 15 minutes. Samples (0.4 ml) 
of undiluted and a 1 in 3 dilution of the solution were 
spread onto 14 cm CDCA plates, for chromobacterium counts. 
Total counts were also made using the method previously 
described.
All plates used in this series of experiments were 
incubated as for routine river samples. The pH and oxygen 
content of the vessel water were occasionally measured 
during the course of the experiments.
Sediment Tank Experiments
2A Apparatus: (See Fig 16 and Plates 5 & 6)
Sediment Tank: A rectangular Perspex tray, 38 x 30 x 3.7 cms, 
with two inlets of 4 era diameter and two outlets of 7 cm 
diameter, was constructed so that it could contain a layer 
of sediment of about 0.5 cm depth, when operative. It was 
covered with a plate glass lid.
Water bath: The sediment tank was suspended in a temperature
controlled waterbath. A large Polystyrene tray containing 
circulating water, the temperature of which was controlled 
with a Grant Waterbath Refrigeration Unit working in 
opposition to a Churchill Thermocirculator. Thymol was 
added to the water as a bacteriocide.
Reservoir and aeration: A 2 litre glass vessel (Quickfit
FV2L) served as a reservoir where water, circulated over the 
sediment, was aerated. The lid (Quickfit) contained a large 
central sample port and two smaller ports, which served as
c£ 
«I
e*
3
u.
m
Fig
,16
 
DI
AG
RA
M 
OF
 
SE
DI
ME
NT
 
TA
NK
 
AP
PA
RA
TU
S

PL
AT
E 
6 
Ae
ra
ti
on
 
Re
se
rv
oi
r 
of
 
Se
di
me
nt
 
Ta
nk
 
A
p
p
a
r
a
t
u
s
.
air outlets* Water carried from the sediment tank passed 
into the vessel via a port in the vessel wall* The water, 
level in the reservoir, and thence in the sediment tank, 
was maintained by an L-shape pipe on the reservoir outlet, 
so that water was not pumped to the tank when the level 
dropped below the mouth of the pipe*
Aeration: A Schwarzer 102S aquarium pump supplied air
via a Millipore HAWP 0*2500 (HA0*45 ,25mm) filter membrane 
in a Swinnex 25 unit* The air was bubbled through a porous 
pot in the reservoir. The two outlets were fitted with 
similar filtration units*
Circulation: A Watson-Marlow H*R* Flow Inducer, Type MHRE
200 (peristaltic pump) operating at pump rate of up to 260 i 
min, pumped water from the reservoir through the sediment 
tank and back to the reservoir. Water from the reservoir 
passed through a glass coil immersed in the temperature 
controlled water bath, so that the temperature was brought 
to that of the sediment tank, before the water flowed into 
it* Silicon rubber (4mm diameter) and glass tubing were 
used, their length being kept to a minimum to keep the 
"non-sediment” surface as small as possible.
Oxygen Meter: EIL Portable Oxygen Meter 1520
Light shield: The whole apparatus was covered in a black
polythene sheet to minimise algal growth, by reducing 
light penetration. The sediment tank was not covered.
2B Method:
(i) Preliminary experiment - The following experiment was
carried out to check whether the apparatus was capable of ' 
maintaining an active sediment population*
Two 1 1*wide necked bottles were filled with sediment 
(principly organic), from a fairly slow part of the River 
Wey* The sediment was light and easily suspended'by 
agitation of the water lying above it*
In the laboratory, the bottles of suspended sediment 
were poured into the sediment tank and allowed to resettle 
for 30 minutes. Sterilised water was then flushed gently 
over the sediment and the water flowing from the outlets 
was discarded* After about 8 1 of water had been used to 
wash away suspended debris, the circulating system was 
introduced so that water was pumped from the reservoir over 
the sediment and back to the reservoir where it was re­
oxygenated.
The water bath was maintained at 11°C, the temperature 
of the river sample when the sediment was collected. The 
circulation of water over the sediment was set at about 
175 ml/min which maintained 85-90% oxygenation in water 
leaving the sediment tank, without disturbing the sediment. 
This deposit formed an even layer of 0*45-0.6 cm depth in 
the tank. The water in the reservoir (about 50% of whole 
system) was replaced once per week.
Qualitative observations on gross changes in flora 
and fauna, and of some physico-chemical properties of the 
sediment were made.
(ii) Second (main) experiment: This experiment was carried
out in a similar way to the preliminary one, but with certain
modifications. Before introduction of the "live” sediment, 
the whole system was sterilised by a combination of auto- 
claving and alcohol/flaming where applicable. Based on 
observation of the preliminary experiment it was felt that 
more regular (daily) changing of the reservoir water would 
decrease build up of dissolved nutrients in the circulating 
water and discourage development of a bacterial bloom.
More care was also taken in initial installation of the 
sediment •
Two litres of suspended organic sediment (with some 
silt and sand) was collected in 1 l-rjars anc* poured into 
the tank within 20 minutes of collection. It was then left 
to settle for 30 minutes. Two large tanks containing a 
total of 170 1 of fresh river water, which was continually 
aerated with sterile air, were connected to the tank. This 
river water was then flushed over the sediment at a rate of 
260 ml/min (a complete change of water in the sediment 
tank every 9 minutes), and this was later reduced to 100 ml/ 
min. Water leaving the sediment tray was discarded. This 
rather protracted washing of the sediment, was considered 
necessary to make certain that all bacteria, nutrients, 
etc, brought into suspension during collection and therefore 
no longer truly associated with the sediment were flushed 
away.
After about 28 or 29 hours flushing of the sediment, 
the system was changed to circulation via the reservoir.
The water-bath was set at 14°C (river temperature at the 
time of sediment collection). 50% of the water in the 
reservoir was replaced with autoclaved tap water, daily.
The pumping rate was maintained at 100 ml/min (a complete 
change of water in the sediment tank every 22.5 minutes 
which gave 84% saturation of oxygen in water leaving the 
sediment tank, as compared with 96% in the reservoir. The 
sediment in the tank had an average depth of 0.6 cm (0.5 - 
0o8 cm) with 2.1 to 2.4 cm of clear water above.
A series of water samples were taken during the 
period of sediment installation. Further samples of 
circulating water were taken during the experiment. Plate 
counts were carried out on CDA and JNA, as described for 
river water. Counts of the bacteria in the sediments were 
carried out periodically. An 8 mm diameter glass tube with 
a sharpened end was used to take core samples of sediment 
from the four quarters of the tank. Each sample was placed 
immediately in 20 ml of sterile water and shaken for 5 min­
utes. The sampler was resterilised between each sample. 
After shaking the suspensions were left to settle for 1 min­
ute before 5-fold dilutions were prepared, and plate counts 
on CDCA and JNA were carried out as described earlier. All 
of the sediment of each sample, apart from the minute 
quantity carried over onto the spread plates, was filtered 
through Whatman No.l papers and the dry weight estimated, 
as described earlier. Bacterial counts were thus expressed 
as cfu/g of dry sediment.
EXPERIMENTAL AND RESULTS
Batch Culture Experiments
Experiment 1 (winter river water in vessel 
operating at 6°C) was continued for 56 days and the 
results obtained are presented in Table 40. Chromobacteria 
increase dramatically to reach a maximum after 6 days, 
followed by a decline over the following weeks to complete 
die-out by 49 days. The total counts showed a similar 
pattern, but increases were less extreme. At 42 days from 
the start of the experiment moulds began to appear on 
count plates and increased in frequency. This coincided 
with the lowest recorded bacterial count.
A similar experiment (No 2), but using water and an 
operation temperature of 17°C, in the culture apparatus 
gave very different results. Unfortunately, the count of 
chromobacteria in the original river water used, was 
typically low (for the summer). Therefore, counts were 
not reliable. However, it is clear that despite the 
presence of chromobacteria, no initial increase occurred in 
their numbers, and in fact they had died out after 8 days 
(Table 41). Total counts on the other hand, showed a pattern 
resembling that in Experiment 1, with an initial increase 
and subsequent stabilisation or slow decline.
Two further experiments in which a soil suspension 
was added to the river water, showed a similar effect of 
incubation temperature on chromobacterium count. At an 
incubation temperature of 15°C (Experiment 3) the count 
decreased steadily so that after 20 days, a ten-fold
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reduction had taken place (Table 42). Due to shortage 
of time, it was not possible to continue the experiment 
to a point of total die-out. Total counts were fairly 
stable throughout the course of the experiment.
Experiment 4 was similar but the incubation tempera­
ture was only 6°C. As in Experiment 1, where an incubation 
temperature of 6°C was also used, the chromobacterium count 
increased, but remained at an increased level (Table 43), 
rather than declining over subsequent days. Even after 
56 days the count was 5 times that at day 0 (when the 
soil was added). Total counts showed a stabilisation without 
initial increase, resembling those of Experiment 3. Results 
of all experiments are expressed graphically in Fig 17 
(chromobacterium counts) and Fig 18 (total counts).
Throughout all the experiments, dissolved oxygen 
was maintained at 96-98% saturation. Where soil suspensions 
were added, heavy particles settled to form a brown sediment 
at the vessel bottom, although much material remained in 
suspension making the water brown and turbid.
In Experiment 4 certain qualitative, as well as quantit­
ative, changes in the chromobacterium population were 
observed. There seemed to be a decrease in the variety of 
colony morphology, which was extremely high at the beginning 
of the experiment. Particularly noticeable was the decrease 
in the frequency of darkly pigmented gelatinous colonies 
with time.
Swabs were taken of the vessel walls, after 
Experiment 4 had been terminated. Quadruplicate swabs gave 
mean counts of 14.9cfu/sq.cm of vessel wall (chromobacteria)
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and 1.1 x lO^cfu/sq.cm of vessel wall (total count).
Although a direct comparison of counts on the walls with 
those in the water is difficult to interpret, the ratio 
of total count to chromobacterium count is of a similar 
order ie. 4350:1 in the water and 7380:1 on the vessel wall*
2. Sediment Tank Experiments
A preliminary experiment showed that by charging 
the circulating water only once weekly an apparently healthy 
sediment population could be maintained. Among the fauna 
recorded over a two month period were:-
Nymphs of mayflies (Order Epihemeroptera)
Nymphs of damsel flies (Order Qdonata, Suborder
Zygoptera)
Nymphs of stoneflies (Order Plecoptera)
Larvae of caddis flies (Order Trichoptera)
Planaria, pea mussels, annelid worms,
Rotifers and a large variety of Protozoa.
After about 2 months, however, a bloom of Vorticella spp. 
developed in such density as to be visible as white patches 
on any object protruding above the sediment surface. This 
was regarded as an indication that the numbers of suspended 
bacteria and possibly small protozoa had built up to a high 
level. When the sediment was discarded no evidence of 
blackened or sulphurous smelling (anaerobic) areas could be 
found.
A second (main) experiment was carried out, with 
presterilisation of the apparatus, and' some small modificat-
ions. Table 45 shows chromobacterium and total counts of 
the water used to flush away loose material during instal­
lation of the sediment in the tank. Water above the sedi­
ment after 30 minutes settlement gave considerably higher 
counts than the river water alone, but as water was flushed 
over the sediment, these counts decreased considerably as 
the sediment"stabilised." After about 28 hours of flushing 
of the sediment, the system was connected so that the 
water circulated through the apparatus. Periodic chromo­
bacterium counts of the circulating water gave negative 
results, but total counts showed an increasing proliferation 
of one type of bacterium, indicated by large numbers of 
identical white colonies on JNA plates.
Table 46 shows the results of bacterial counts on 
quadruplicate sediment samples taken at 1, 7 and 23 days.
Over this period the number of chromobacteria per g of dry 
sediment appeared to decrease, until none were recorded at 
23 days. Total counts on the other hand increased. However, 
results were very variable probably because estimates were 
based on only a small number of colonies, in the case of 
chromobacteria•
When the apparatus was dismantled it was noticed 
that a large amount of bacterial slime, yellowish in colour, 
had accumulated in the pipes feeding the sediment tank.
The dissolved oxygen concentration of the water leaving the 
sediment tank was maintained at about 85% saturation 
throughout the experiment, which is comparable with that of 
the river itself.
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TABLE 46.
Chromobacterium and Total Counts (cfu/per g 0 of dry sedi­
ment) of Replicate Samples of Sediment in Sediment Tank, 
Taken 1, 7 and 23 days after Start of the Experiment*
r . . . ..—
Sample
Chromobacteria ' 
count 
cfu/g dry wt)
Total count 
'(cfu/g dry 
wt)
DAY 1
1st sediment sample 1.2 x 104 3.7 x 107
2nd sediment sample 2.5 x 104 14.0 x 107
3rd sediment sample 2.7 x 104 7.1 x 107
4th sediment sample 1.7 x 104 3.3 x 107
Mean value 2.0 x 104 7.0 x 107
DAY 7
1st sediment sample 3.8 x 103 5.3 x 108
2nd sediment sample 0 4.9 x 108
3rd sediment sample 1.2 x 103 0.6 x 108
4th sediment sample 0.4 x 103 0.7 x 108
Mean value 1.3 x 103 2.9 x 108
DAY 23
1st sediment sample 0 1.1 x 108
2nd sediment sample 0 1.3 x 108
3rd sediment sample 0 0.5 x 108
Mean value 0 1.0 x 108
■
DISCUSSION
Ferguson wood (1965) pointed out that bacteria 
rarely exist in pure culture in nature and described the 
virtue of mixed culture studies in improving the under­
standing of natural environments particularly sediments.
The use of mixed culture experiments, rather than 
pure culture, for the study of growth and survival of 
chromobacteria in water is essential if the findings are 
to have any relevance to the natural situation. This can 
be illustrated by the findings of several workers, that 
many laboratory strains, normally associated with organic 
matter are capable of growth in nutrient solutions at a 
concentration below that in normal river water. For 
example, Zobell & Grant (1943) recorded slow growth of pure 
cultures of Escherichia, Staphylococcus, Bacillus, Proteus 
and Lactobacillus spp. in extremely dilute glucose solutions 
(0.01 mg/l), and Hendricks (1972) found the coliforms 
multiplied in autoclaved river water, in pure culture. It 
is probable that most of these species would die out in 
natural river water due to their inability to compete for 
the available nutrients with the better adapted native species, 
present.
Previous observations on bottled river water stored 
at 4°C showed that chromobacteria, as well as other species, 
rapidly increased in number over the following 2 days (See - 
Experiments on Sample Treatment). Kohn (1906) observed 
that chromobacteria appeared in stored water after 7 to 10 
weeks, succeeding a flora of pseudomonads, micrococci and
yeasts. None of the nutrients he added to the water 
increase the number of chromobacteria.
In an attempt to learn something of the behaviour 
of chromobacteria in river water, a series of .10 litre 
batch culture experiments were carried out. The main 
variable under investigation was water temperature. Four 
experiments were carried out, and in the first two freshly
i
collected river water was placed in the culture vessel and 
was constantly stirred and oxygenated. They differed, 
however, in the incubation temperature, Experiment 1 being 
maintained at 6°C (winter river temperature) and Experiment 
2 at 17°C (summer river temperature). Plate counts 
revealed that at 6°C the number of chromobacteria increased 
rapidly to a maximum (19-fold) at 6 days and then declined 
to die-out at 49 days, while at 17°C no such increase 
occurred and the count reached zero after only 8 days.
Total counts, on the other hand, followed a fairly similar 
pattern in both experiments, with an increase up to 6 days 
and gradual decline subsequently.
Although the number of chromobacteria per ml was 
much lower in the river water (at day 0) used in Experiment 
2, it is clear that little or no multiplication took 
place. The river water used in Experiments 1 and 2 was 
collected from the same site, but at different times of 
the year. As discussed in an earlier chapter, chromobacteria 
are generally less numerous in the River Wey during the 
summer, when Experiment 2 was commenced. Other seasonal 
differences may have existed between the two samples, such 
as the concentration of dissolved nutrients and suspended
particulate matter, but these could not be assessed 
without further experimentation.
Two further experiments were carried out using river 
water contaminated with soil suspension, and again 
temperatures were set at summer (15°C) and winter (6°C) 
levels. Earlier work indicated that a high proportion, 
if not all, chromobacteria in river water originated from 
soil material washed in mainly by surface run-off. Addition 
of soil suspension caused an initial rise in the suspended 
chromobacterium and total counts, due to those bacteria 
present in the soil. At 15°C the number of chromobacteria 
decreased with no initial increase, while at 6°C an initial 
rise was followed by stabilisation of the count at between 
4 and 8 times the count at the time the soil was added.
Total counts behaved similarly at both temperatures, main­
taining stable numbers, slightly below those at day 0.
In Experiment 1, the pattern of change in the chromo­
bacterium count (and the total count to a lesser extent) 
resembles that of a bacterial growth curve, with a very 
short stationary phase, although more frequent plate counts 
may have detected the presence of a lag and stationary 
phase. An exponential growth phase and death phase may be 
represented. Batch cultures are known to exhibit growth 
phases characteristic of closed systems (Jannasch & Mateles, 
1974), and the nutrient depletion which usually causes such 
phases is artificial (Postgate & Hunter, 1963). Brock (1966) 
pointed out that nutrient exhaustion and accumulation of 
toxic products are the usual population limiting factors 
in closed systems. It is likely that nutrient depletion
caused the decline in the number of chromobacteria in 
Experiment 10 In Experiment 4 (also at 6°C) where soil 
has been added no such decline occurred and a fairly high, 
though fluctuating, population of chromobacteria was main­
tained throughout the 56 day experiment,. The large amount 
of organic matter in the soil may have served as a steady 
source of nutrients, so that die-out was deferred for the 
duration of the experiment. In river water alone, the 
amount of nutrients, dissolved and particulate, would be 
depleted more rapidly.
The chromobacterium population in Experiment 4 was 
derived from two sources, ie. the river water and the soil, 
and their relative proportions throughout the duration of 
the experiment cannot be assessed. Although it is possible 
that only certain soil strains are capable of prolonged 
survival or growth if introduced into a river, virtually all 
river chromobacteria may be ultimately derived from soil. 
Certainly, it was observed that certain changes took place 
in the chromobacterium population during the experiment, 
since the diversity of colony morphology seemed to decrease. 
They may indicate the proliferation of only certain strains 
and the die-out of others. For example, dark pigmented, 
gelatinous colonies common amongst soil strains (Corpe, 1954), 
became less numerous as the experiment proceeded. This may 
have been due to die-out of such strains or a change to a 
non-gelatinous colony morphology due to environmental 
conditions.
When a soil suspension was added to the river water 
in the culture apparatus, the heavier silt deposited to form
a sediment, but finer mineral and organic particles 
remained in suspension in the continually stirred column 
of water. Most bacterial growth in stored and natural waters 
occurs on solid surfaces (Brock, 1966), and in nature, freely 
suspended bacteria are under starvation conditions (Jannasch, 
1969). The adsorption of bacteria and nutrients to surfaces 
and particles, and its effect on bacterial growth has been 
discussed earlier. Brock (1966) stated "...particles 
undoubtedly provide a surface to which microorganisms can 
attach and they may also provide a surface to which soluble 
organic substances may adsorb, thus bringing microbes nearer 
to food.” Although the glass walls of a vessel #111 act 
as a suitable surface for this process, a large amount of 
fine suspended matter added to the vessel will greatly 
increase the surface available for adsorption (Brock, 1966). 
Sanders (1966) and Hendricks (1972) described the formation 
of bacterial slime on glass surfaces, in continuous 
culture, which sloughed off and contributed to the numbers 
of bacteria in suspension. Maigetter & Pfister (1975) found 
that C.lividum grew primarily on the vessel walls, in a 
citrate limited continuous culture. Only relatively low 
numbers of chromobacteria, and other types were isolated 
from the vessel walls, by swabbing, at the end of Experiment 
4, although only a proportion of the bacteria are recovered 
from surfaces, even with multiple swabbing with alginate 
swabs (Douglas, 1968). However, particulate matter was 
present in addition to the glass surfaces, perhaps the amount 
of soluble organic matter adsorbed per unit area of surface 
was insufficient to support a high level of growth per unit 
area. In addition, water containing suspended particles is
much more abrasive than, pure water and may have restricted 
the build up of a large surface population.
Fluctuations in total count probably represented 
superimposed alterations in many populations of different 
species of bacteria. Heterotrophic succession in closed 
systems has been studied by Gorden et al. (1969) and reviewed 
by Dennis Cooke (1969). A situation of stability or climax 
may develop where photosynthetic producers are present, but 
in my experiments the apparatus was blacked out and did not 
allow the growth of such organisms. Batch cultures usually 
undergo continuous and simultaneous changes in substrate 
concentration, product concentration, and possibly pH, 
dissolved gases and other key parameters (Bungay & Bungay, 
1968). Such temporal changes result in constant alterations 
in population structure or succession (Brock, 1966), as can 
be observed along the length of a flowing system. One can 
liken the development of a batch culture to a parcel of water 
moving down a river. However, succession in laboratory micro­
ecosystems is unnatural in the sense that no immigration or 
emigration takes place and "the species composition does 
not change, except in terms of relative abundance...” (Dennis 
Cooke, 1969). Caution must therefore be exercised in 
applying data obtained from such laboratory studies to the 
situation in nature.
The results obtained during my experiments show that 
chromobacteria can grow in water at a temperature similar to 
a river in winter , but die out rapidly at a temperature 
equivalent to a river in summer. Chromobacterium 1ividum grows 
well at 4°C and below (Sneath, 1960, 1966), and all soil and
river isolates in my research proved to be of the 
psychrophil species. Although the laboratory optimum for 
growth is nearer 20°C, perhaps it is only at low temperatures 
that they were able to compete successfully for available 
nutrients, with the many other species present in the batch 
cultures. A change in growth temperature has a profound 
effect on the activity, physiology and metabolism of micro­
organisms in both batch and continuous culture (Hunter &
Rose, 1972), but the effects enhance the growth of some 
species and suppress others. The effects of temperature on 
an environment are complex and many are indirect, bringing 
about a complex succession in the fauna and flora.
More information could have been gained from further 
work of this type, or better still, continuous culture 
experiments. The effect of mid range temperatures (eg. 10- 
12°C), addition of specific substrates, of particulate matter 
without added nutrients eg. keiselguhr, rather than soil, 
and many other variations may have revealed much.
Various mechanisms have already been discussed as 
possible causes of the winter increase in chromobacteria, and 
summer decrease observed in the River Wey (and other sites). 
Although seasonal temperature variations had already been 
implicated in this process in various ways, batch culture 
experiments indicate an important and very direct effect.
Tt is probable that low water temperatures (ie. winter) 
facilitate prolonged survival and active growth of at least 
some strains of chromobacteria in rivers. On the other hand, 
at summer temperatures they do not increase and in fact die- 
out rapidly. This effect would serve to exaggerate the fluc­
tuation caused by seasonal variation in the amount of soil
washed into the river. Further, the presence of large 
quantities of suspended soil (and sediment) material, as 
occurs in the winter river may fajpilitat^ maintenance of a 
stable chromobacterium population due to increased nutrient 
availability.
Earlier work had shown the chromobacteria were 
present in river sediments, although in variable numbers, 
and that they are a potential source of suspended chromo­
bacteria. An apparatus was designed in which sediment was 
deposited in a tray and oxygenated water circulated over it. 
A preliminary experiment showed that even after 2 months a 
variety of fauna was still present, including types regarded 
as indicative of relatively unpolluted waters (mesosaprobic) 
such as various insect nymphs and larvae. However, sometime 
later a bloom of Vorticella spp. developed which probably 
indicated the presence of a high suspended bacteria 
population caused by excessive nutrient concentration, 
and perhaps growth of bacterial slime in the tubing of the 
apparatus. Bick & MUller (1973) associated Vorticella with 
high B.O.D. in river water.
In a further experiment, regular chromobacterium and 
total counts on the sediment were carried out. So that the 
volume of sediment was not significantly changed, only very 
small samples could be taken. This, combined with the small 
number of chromobacteria present, meant that results were 
based on very small colony counts and must be regarded as 
unreliable. Chromobacteria were certainly present in the 
sediment on Day 1, but were undetectable by Day 23, and none
i
were ever isolated from the circulating water. It can be
concluded that no growth of those-present took place, at
least in the areas sampled and that the population apparently
died out. Experiments with batch culture apparatus showed
that although chromobacteria were capable of growth at 6°C,
o
they died out rapidly at 15 and 17 C (in river water with 
and without added soil). It had been intended to carry out 
further experiments using sediment taken from the river 
during summer maintained at a winter river temperature and 
vice versa. In the absence of these experiments little can 
be surmised from this single experiment.
Certain technical problems need to be overcome. For
example, bacterial slime formed on the inside of the tubing
(
of the apparatus. Further design alterations to decrease 
the surface area available, and increase the relative pro­
portion of the sediment surface are needed. A deeper 
sediment tray, allowing a greater depth of both sediment and 
circulating water; and the use of filter sterilised river 
water, rather than tap water may also improve the system.
The apparatus has the potential of being useful in the study 
of the activities of sediment organisms and the interaction 
of sediment and the water flowing over it on a small scale.
COMPARISON OF WATER, SOIL AND SEDIMENT STRAINS
MATERIALS AND METHODS
A qualitative investigation of chromobacteria 
populations of river water, soil and river sediments was 
carried out. Morphology, physiology and biochemistry of 
isolates from these environments were studied and 
compared.
Organisms and Culture Maintenance
A collection of strains of chromobacteria was 
accumulated. Colonies were picked from river water, soil 
and river sediment spread plates (JNA, CDA and CDCA), 
subcultured into JNB at 25°C and these cultures were 
checked for purity on JNA. Purple colonies were collected 
in an attempt to obtain a broad variety of types Judging by 
colony morphology, rather than by strict statistical methods 
and was therefore not quantitative. Cultures were stored
in JNB at 4°C and subcultured every 3 to 6 months. A
further 14 strains of bacteria of various genera were 
obtained -from culture, collections, .and stored- -in_|-NB,_ but 
subcultured fortnightly. A total of 191 strains of bacteria 
were screened:
111 river water strains
)
40 soil strains isolated from spread plates
)
26 river sediment strains
1 strain of C.lividum (F1308) ) From the Culture
1 strain of C.violaceum (F91) ) Collection of the
Dept* of 
Microbiology,
1 strain of Pseudomonas aeruginosa (F1802^
1 strain of Enterobacter cloacae (F1809)
University of Surrey 
1 strain of C.lividum (NCTC 9796)
« proposed Neotype 
6 strains of C »violaceum(NCTC 9371-4,
9376 and the Neotype 9757 
1 strain of Acinetobacter anitratum
(NCTC 7364)
1 strain of Bacillus subtilis (NCTC 3610)
From the 
National 
^Collection 
of Type 
Cultures
1 strain of Micrococcus denitrificans - From the
(NCIB 8944) National 
Collection of Industrial Bacteria
Tests and Characters
The strains were examined for Gram reaction (Test 12), 
cell morphology (Test 15) and tested for violacein production 
(Test 14). If these tests indicated that strains were 
indeed members of the genus Chromobacterium, seven further
tests which were regarded by Sneath (1966) as the principal
$€€
species differentiation tests for this genus ^Table 1, page 16) 
were carried out. These seven tests (which were used in 
a computer analysis) were carried out on all 191 strains, 
as follows:
Test 1. Growth at 37°C:
Quarter-strength NA slopes in Universal bottles were 
inoculated with one drop of culture and incubated in a water 
bath for 7 days. Presence or absence of growth was noted. 
Control cultures were incubated at 25°C. As practised by 
Sneath (1966), slight growth was regarded as negative.
Test 2. Growth at 4°C:
Carried out as for Test 1, but incubation was at 4°C for 
7 days.
Test 30 Hydrogen cyanide (HCN) production:
Stab cultures of semisolid medium (NA diluted with an 
equal quantity of distilled water) in Universal bottles, 
were incubated at 25°C for 2 days, with an indicator 
paper which turns red in the presence of HCN.
Indicator papers: Filter paper was dipped in
saturated aqueous picric acid, dried, and then dipped in 
10% aqueous sodium carbonate and again dried* Once 
prepared, they could be stored indefinitely*
Test 4* Acid from trehalose:
Hugh & Leifson (1953) medium was prepared:
Davis agar 0o3g
peptone 0*2g
NaCl 0.5g
K2HF04 0.3g
bromothymol blue 0.003g
trehalose l*0g
distilled water 100ml
The pH was adjusted to 7.1 and the medium autoclaved 
at 121°C for 15 minutes, in tubes to give a depth of 4 cm. 
Stab inoculated tubes were incubated at 25°C for 4 days. 
Formation of a yellow colour indicated acid production, while 
negative reactions were green (no change) or blue (with 
visible growth present). As practised by Sneath (1966) late 
acid production was regarded as negative.
Test 5. Acid from arabinose:
Carried out as for Test 4 using 1% arabinose instead of
trehalose, and incubated at 25°C for 7 days* 
Test 6* Aesculin hydrolysis:
A liquid medium was prepared as follows:
peptone lg
sodium citrate 0olg
aesculin 0olg
ferric citrate 0o005g
distilled water 100ml
The solution was adjusted to pH 7, dispensed in 
5 ml volumes into tubes, and autoclaved. Tubes inoculated 
with a loopful of broth culture, were incubated at 25°C for 
3 - 4  days. Production of a black-brown colour was 
positive.
Test 7. Casein hydrolysis:
Plates of 50% skim milk with 1.5% agar added were streak 
inoculated and incubated for 4 days at 25°C0 As practised 
by Sneath (1966) slight reactions were considered as 
negative.
A further 41 tests that were used in the computer 
analyses were carried out on all 191 strains as follows: 
Test 8. Catalase production:
A small amount of culture was emulsified in hydrogen 
peroxide (Sneath, 1960). Production of bubbles of gas 
within a one or two minutes were positive, weak reactions
were counted as positive.
Tests 9 & 10. MR and VP (Cowan & Steel, 1965): 
Glucose-phosphate broth was prepared: 
peptone 5g
K2HF04 5g
distilled water 11
The solids were dissolved and the solution adjusted 
to pH7.5, glucose (5g) was added and the medium dispensed in 
2 ml quantities into Bijou bottles, which were autoclaved
ethanol were added to each bottle and shaken. Development 
of a red colour was positive, orange and yellow were 
negative.
solution) and 0.2 ml 40% KOH aqueous solution were added 
to the bottles (after the MR test) and shaken. The bottles 
were sloped and examined after 15 minutes and 1 hour. 
Formation of a pink-red colour was positive.
Test 11. Phenylalanine deamination:
See Test 42.
Test 12. Gram reaction:
The method of Preston & Morrell (1962) was used, as 
described by Cowan & Steel (1965).
Test 13. Citrate utilisation:
The medium of Koser was prepared (Cowan & Steel, 1965):
The salts were dissolved and citric acid (2g) added. 
The medium was adj'usted to pH6.8 with N-sodium hydroxide 
solution, filtered, dispensed into new tubes and autoclaved.
at 115°C for 10 minutes). Inoculated bottles were 
incubated at 25°C for 6 days.
The MR test. Two drops of 0.04% methyl red in 40%
The VP test. 0.6 ml alpha-naphthol (5% ethanolic
NaCl 5g
MgS°4*H2° 
(NHJH FO4 J“2lv4
0.2g
ig
lg
distilled water 11
Inoculated tubes were incubated at 25°C and examined for 
growth periodically for up to 14 days.
Test 14. Violacein production:
Strains were grown on PDA for 3 to 5 days at 25°C to 
give high pigmentation.
Pigment solubility - Portions of a pigmented 
culture were stirred with water, chloroform, diethyl ether 
and 96% ethanol, on a white tile. Violacein is only 
soluble in ethanol.
Reaction with mineral acid - 10% sulphuric acid was 
added to the ethanolic solution. Violacein rapidly changes 
from purple to green.
Reaction with caustic soda - 10% sodium hydroxide 
solution was added to the ethanolic solution. Violacein 
turns green, then rapidly red-brown and soon decomposes. 
Test 15. Cell morphology:
Graitt Stained films were studied under the oil immersion 
lens^ and cell shape noted. Rod shaped cells were 
regarded as positive.
Test 16. Motility:
Hanging-drop preparations of 18 hour JNB cultures (Sneath, 
1960) grown at 25°C were examined under oil immersion, 
and the presence or absence of motility noted.
Test 17. Colony texture (Gelatinous colonies):
On primary isolation the texture of laboratory isolates was 
noted, and described as butyrous, gelatinous, membranous, 
butyrous with gelatinous centre (B/G), and mucoid. For the 
computer analyses gelatinous, membranous and mixed 
gelatinous and butyrous colonies were regarded as positive.
Test 18. Variation in pigmentation:
Pure cultures of chromobacteria on JNA were noted for 
variation of colony pigmentation in well separated colonies© 
Table 19. Anaerobic growth:
Plates of JNA were streaked and incubated in a hydrogen 
atmosphere for 7 days at 25°C. The presence or absence of 
growth was noted.
Table 20. Growth on AAA:
Acetate-ammonium salt agar was prepared:
NaCl 2.5g
MgS04 .7H20 0.2g
(NH4 )H2F04 lg
K2HF04 lg .
Oxoid Ianagar No:2 15g
sodium acetate trihydrate 2g
distilled water 11
The pH was adjusted to 6.8 and the medium autoclaved.
A small inoculum from a broth culture was spread over a large 
area of the agar. After 7 days at 25°C, strains which grew 
were subcultured onto a further plate of AAA and incubated 
to ensure that growth was not due to carry-over of nutrients 
from the broth. Any growth was noted. Slight growth was 
regarded as negative.
Test 2l0 Growth on Quadruple strength NA (NA x 4):
Plates of quadruple strength NB with 1.5% Davis agar added 
were streaked and incubated at 25°C for 7 days. Growth was 
noted, but slight growth was regarded as negative.
Tests 22 - 36. Acid from sugars:
The medium of Hugh & Leifson (1953) (see Test 4) was used
with 1% of the sugar added. All strains were tested for 
their ability to produce acid from glucose, sucrose, maltose, 
fructose, mannose, galactose, lactose, arabinose, trehalose, 
cellobiose, mannitol, sorbitol, inositol, glycerol and 
inulin (as Tests 22-36, respectively). Stab inoculated 
tubes were incubated at 25°C, and a yellow colour (only 
near the surface in highly oxidative strains) was positive. 
Tubes were examined at 4, 7 and 14 days, and acid produc­
tion within 14 days was regarded as positive. A blue 
colour or no change (green) with visible growth was 
considered as a negative reaction.
Test 24. Oxidation/Fermentation:
Tubes of Hugh & Leifson medium with 1% glucose added 
were steamed to remove dissolved oxygen. After cooling, 
they were stab inoculated with a straight wire in duplicate, 
and one tube was immediately sealed with about 1 cm sterile 
liquid paraffin. Tubes were incubated at 25°C for up to 
14 days, and examined every 2 days and reactions were 
interpreted as follows:
Open tube Sealed tube Result
yellow (at top)
yellow (whole tube) 
blue (at top) or green
green or slight yellow 
(top)
yellow (whole tube) 
green
oxidative
fermentative 
no reaction
Any acid production within 14 days was regarded as 
positive.
Tests 38-40. Reduction of nitrate and nitrite, etc:
The modified Difco nitrate broth, with 0.3% yeast extract
and 0.1% agar added, (Castilow & Humphreys, 1955; Eltinge, 
1956) was dispensed into Universal bottles (10 ml quantit­
ies), with Durham tubes® After bottles were inoculated , 
with a drop of broth culture and incubated at 25°C, they 
were tested for the presence of nitrate, nitrite and gas. 
production at 24 hrs, 48 hrs, 4 days and 7 days® Incubation 
was continued for 3 weeks since gas production is often 
slow.
Tests for nitrate and nitrite were carried out as 
described by Cowan & Steel (1965):
solution A - 0.8% sulphanilic acid in 5N~acetic acid 
solution B - 0.5% alpha-naphthylamine in 5N-acetic
acid.
Two drops of the culture (nitrate broth) were placed 
on a white tile, a drop each of solutions A and B were added 
and mixed. Immediate development of a red colour indicated 
presence of nitrite. Where no such reaction occurred a 
very small quantity of zinc powder was added, mixed, and a 
red colour indicated the presence of nitrate; while negative 
reaction to both tests indicated complete reduction of 
nitrate and nitrite in the medium. Gas production was 
indicated by bubbles trapped in the medium (which was semi 
solid) or in the Durham tubes. For the computer analyses, 
production of the red colour (nitrite) within 4 days was 
regarded as positive for nitrate reduction, absence of both 
nitrate and nitrite reactions in 7 days was regarded as 
positive for nitrite reduction and production of bubbles 
within 21 days was regarded as positive for gas from 
nitrate.
Test 410' Starch hydrolysis:
Plates of JNA with 1% potato starch which had been 
streaked and incubated at 25°C for 6 or 7 days, were 
flooded with Lugolfs iodine and examined for colourless 
zones around and under the growth (after scraping growth 
away).
Test 42 (and 11). Malonate/Phenyl alanine:
The medium of Shaw & Clarke (1955) was prepared, as 
described by Cowan & Steel (1965):
(NH4 )2S04 2g
K2HF04 0o6g
K H2F04 004g
NaCl 2g
sodium malonate 3g
DL-.phenylalanine 2g
yeast extract lg
distilled water 11
bromothymol blue (0.2% soln.) 12.5ml
The medium was dissolved, filtered, dispensed (4 ml) 
into Bijou bottles and autoclaved at 115°C for 15 minutes. 
Inoculated bottles were incubated at 25°C for 2 days. A 
change from the normal light green to a deep blue was 
positive for malonate utilisation (Test 42). Bottles were 
then acidified with 0.1 to 0.2 ml 0 olN HC1 and 0.2 ml of 
10% aqueous ferric chloride was added. Formation of a 
green colour, which rapidly faded indicated the deamination 
of phenylalanine to phenylpyruvic acid.
Test 43. Gelatin hydrolysis:
Nutrient gelatin (Oxoid) in Universal tubes, was stab
inoculated and incubated at 25°C0 After 4, 7, 14, 21 and 
28 days tubes were cooled in a refrigerator and examined 
for liquification (and growth). Liquifaction by 7 days 
was regarded as positive in the computer analyses.
Test 44. Growth at 4°C: See Test 20 .
Test 45. Growth at 37°C: See Test I0
Test 46o Aesculin hydrolysis: See Test 6.
Test 47. Casein hydrolysis: See Test 7.
Test 48. HCN production: See Test 3.
Further Studies not Included in Computer Analyses 
3A Oxidase Test:
Only weakly pigmented strains could be tested, as 
violacein masked the reaction. The test was carried out 
as recommended by Cowan & Steel (1965),
3B Electronmicroscopy of Flagella :
Either 18 hour J-NB broth cultures or 12 hour JNA plate 
cultures of various strains of chromobacteria were used. 
Cultures were treated with 10% formalin added directly to 
the broth or by flooding the plate. One drop of formalised 
suspension was placed on a Formvar coated bronze grid, left 
for 2 minutes and then blotted dry0 One drop of 2% 
Phosphotungstic acid solution (adjusted to pH 6.5 with KDH) 
was then added and dried again. Prepared grids were dried 
thoroughly in a desiccator, and examined and photographed 
by M. Hepburn using a JEOL JEM 100B Transmission Electron 
Microscope, at the University of Surrey, (See Appendix I). 
3C Photographs of Colony Morphology :
A large number of photographs were taken of colonies on CDA
and CDCA isolation plates inoculated with water, soil or
river sediment. All colonies were incubated for 14 days
at room temperature* An Asahi Pentax SP500 camera fitted
with two sets of extension rings, a reversing ring and
55 mm lens was used to take photographs on Kodacolor II
(ASA 80) film, using natural light* A photograph of the
u.
millimetre scale of a r^ler was taken to show the scale of 
the photographs (Plate 17).
A further series of photographs of 8 day old cultures 
on JNA streak inoculated plates were taken. Magnification 
was as before, but a reflective background of foil was 
used, whereas the first series was taken on a non reflective 
background.
The first series of photographs of colonies on 
primary isolation are available on request from Dr M 0 O, Moss, 
Dept, of Microbiology, University of Surrey. Photographs 
from the second series, of colonies of chromobacteria after 
repeated subculture, are included in this thesis (See Appendix
II)..;
Computer Analyses
The large volume of data obtained during the 
previously described investigation was used for computer 
analysis, under the guidance of Dr T. N. Bryant. This 
would enable the comparisons of strains of chromobacteria 
isolated from water, soil etc., so that types exclusive to 
one particular environment would be detected.
4A Preparation of Data:
Data was extracted from the range of physiological, 
biochemical and morphological tests on 191 strains of
bacteria (including 186 strains of Chromobacterium spp.)
Seven tests (Nos 1 to 7), held by Sneath (1966) to be 
the main species differentiation features for chroraobacteria, 
were used for a computer analysis. Recently, Sneath (1974) 
has added a further two tests eg. acid from xylose and tur­
bidity from egg yolk, but these were not used in this 
study. Computer analyses were also carried out on a further 
41 tests (Nos 8 to 48) which included many standard tests, 
but also some new ones which showed intraspecific differ­
ences. It should be noted that certain of the seven Sneath 
tests (Nos 1 to 7) are repeated using somewhat different 
conditions, in the set of secondary tests (Nos 8 to 48).
4B Types of computer analysis:
Two approaches were used:
(i) PCA: Principal Component Analysis (PCA) was carried
out using a modified version of the principal components 
analysis program written by Wahlstedt & Davis (1968), writ­
ten in Fortran IV. PCA effects a linear transformation 
of variables, of a set of samples or objects, which results 
in the formation of new, independent variables (eigenvectors 
or principal components). The principal components 
successively account for as much of the total variation in 
the original data as possible. The first principal 
component contains the maximum variance; the second, which 
is orthogonal to the first, accounts for maximum variability 
of the data not contained in the first principal component, 
and so forth. In this way PCA leads to a reduction in the 
number of variables needed to describe the dispersion of
v
the data, but ensures that the inevitable loss of information 
is the minimum mathematically possible.
The technique can be used as a ’search procedure*
to examine a large collection of information, in the hope
of finding an underlying structure or order in the data.
In this case, the program was used to analyse all 191
IV
strains for 32 tests (Nos ft to 48) and also for Sneath*s 
Tests (Nos 1 to 7)0
(ii) Cluster analysis: Cluster analysis (Clustan)was carried out
using a comprehensive programme, written by Wishart (1968, 
1969), which has various options for the calculation of 
similarity coefficients and 9 methods of analysing the 
similarity matrix. In this study dissimilarity coefficients 
were calculated using Squared Euclidean distances and 
clustering was achieved by various methods of which 
McQuitty’s Similarity Analysis gave the most comprehensible 
dendrogram.
RESULTS & DISCUSSION
General Observations on Isolates
All purple colonies selected for further study, from 
the various environments, belonged to the genus Chromobacterium 
since they were Gram-negative rods and produced the purple 
pigment violacein. All isolates were unable to grow at 
37°C and were, in this respect, C 0lividumt the psychrophilic 
species.
As previously stated, the term psychrophil as used here 
applies to chromobacteria capable of growth at 4°C but 
not at 37°C and not as defined by Ingraham (1958), T1.oo as 
bacteria that grow relatively rapidly at 0°C«n Indeed,
many strains of C.lividum cannot even grow at 2°C (personal 
observation and also Sneath, I960).
Sneath (1966) proposed that seven tests be used- 
for species differentiation (See Pagei6 ). . In the 8th 
Edition of Bergey’s Manual (1974), Sneath advocates 9 
tests, but the two additional tests were not used in 
species identification in this work. Most isolates gave 
the typical reactions of C.lividum. but a few strains were 
aberrant in one or two of the reactions eg. acid from 
trehalose (Test 4) and acid from arabinose (Test 5).
Very atypical psychrophils usually produced gelatinous 
colonies. A group of psychrophils with a spreading colony 
morphology showed closer affinity to C.violaceum in all 
but growth temperature and HCN production. These atypical 
strains are discussed in further detail later.
Eltinge (1956) stated, "It has long been known that 
strains of this genus are difficult to keep alive without 
frequent transfer and even then many are lost when kept in 
refrigerators.” However, although this proved to be the 
case with mesophilic strains, all but a few of the psychro­
phils used here (including those producing spreading colonies), 
remained viable for very long periods in JNA at 4°C. In 
fact, many were viable after 2\ years without subculture.
Chromobacteria showed an exceptional diversity of 
colony morphology (texture, pigmentation and shape) at 
primary isolation. Not only did texture vary from mucoid 
and butyrous to hard and rubbery in different strains, but 
even varied within single colonies. Colonies with raised 
gelatinous and deeply pigmented centres, and lower, pale
or whi/fce and butyrous edges (b/G) were commonly seen.(Plate 31) 
Colonies were often low convex, but were sometimes rugose, 
membranous or spreading0 Sneath (1960) described colony 
morphology as very variable., and pointed out that the 
degree of pigmentation and roughness varies from strain to 
strain. He found most fresh isolates to be low convex 
and glistening although he also described occasional rugose 
colonies with undulant edges, among psychrophilic strains.
Pigmentation often showed a complex distribution.
As described by other workers pigment often formed first 
at the colony centre, but sometimes at the edge. Concentric 
rings of varying pigment were often observed by Sneath 
(1960) and in the present study. Radical patterns (or 
breaks) were commonly found which were presumably caused 
by frequent formation of unpigmented variants (See Plates 
30&31, page 335 ). Some colonies showed complex granular 
variations in pigmentation.
A large number of coloured plates, in addition to 
those in this thesis, illustrating the wide diversity of 
colony morphology encountered during this investigation are 
available on request from Dr M. O. Moss, Dept, of Micro­
biology at the University of Surrey.
As can be seen in Plates 18 to 29 (See Pages 328 to 
334 ) strains lost much of their complex variations of 
colony form after subculture. As pointed out by Goodfellow 
(1969), subculture in the laboratory would be expected to 
smooth out many differences, namely those originating from 
specific features of their environment.
A decrease in pigment formation was commonly seen
after subculture, and has been noted by other workers 
eg. Gauducheau (1907), Eisenburg (1914), Morris (1954) 
and Sneath (I960). Gelatinous and membraneous strains, 
particularly those showing mixed butyrous and gelatinous 
areas in their colonies, often lost this property after 
subculture and formed simple low convex, butyrous colonies. 
Similar observations were made byDeshusses & Novel (1939) 
and Corpe (1953), although this was seen less frequently 
than loss of pigmentation. ,
Further data concerning colony morphology, as 
applied to different groups in the computer analysis, are 
given later.
In unpigmented colonies, or u’npigmented zones of 
colonies, of freshly isolated strains, a pale yellow pigment 
could sometimes be seen. Although this weakly fluorescent 
and diffusible pigment has occasionally been described 
eg. Martin (1931), Corpe (1953) and Sneath (1960)^it 
seems to have remained remarkably unstudied, and may prove 
to have taxonomic importance. Unfortunately, it was 
not possible to do further work on it in this study.
Some broad patterns of distribution of these diverse 
colony forms and source of isolation could be seen. Water 
isolates showed a greater diversity of type, than soil, 
and contained mainly butyrous, and mixed butyrous and 
gelatinous (B/G) colonies, with occasional mucoid, spreading 
or membranous types. Most of the complex colony 
pigmentation was seen in the first two types. Soil colonies 
were usually dome convex, glistening, deeply and uniformly 
pigmented and with very hard gelatinous texture (possibly 
analogous to C eamethystinum (Corpe, 1953, 1954; and other
workers) (discussed in more detail later). However, pale 
or rugose gelatinous colonies and a few butyrous and 
mixed strains were also isolated occasionally. Totally 
gelatinous colonies were rarely isolated from water. The 
predominance of simple gelatinous colonies in soil, is not 
well demonstrated in this work, since the work was 
qualitative rather than quantitative.
An attempt was made at classifying the colony types, 
but due to the wide and complex variation, only two simple 
aspects pertaining to colony formation were used in the 
computer taxonomy. Although the soil gelatinous strains 
were quite distinctive, the gelatinous quality could not 
be considered (unlike Corpe, 1953, 1954) as being confined 
to these strains, but was also present to a lesser extent, 
in freshly isolated strains from water (mixed butyrous 
gelatinous (B/G) and membranous strains). The B/G water 
strains certainly seemed to lose, the property much more 
frequently on subculture than the soil gelatinous strains, 
and they were usually quite distinct in other features.
Also, the chemical basis for the gelatinous property of each 
type may not be the same. However, as the term "gelatinous1* 
is simply a textural term, it was taken as such, and in 
the computer taxonomy both types were counted as positive 
for Test 17 (gelatinous, or membranous colonies).
The presence of varying colony pigmentation in pure 
cultures (not freshly isolated), although considered to 
be common, was seen only rarely in many strains, but very 
commonly in others, and was used as a differential test 
(Test 18). Colonies which, on primary isolation, produced
radial breaks of non pigmented growth were usually 
positive (Test 18)e
Further work on the subject of the diversity of 
colony morphology, in freshly isolated chromobacteria, 
may be extremely fruitful in the comparison of strains 
from different sources.
Computer Analyses
This study was intended, not as a major investig­
ation of the intra and interspecific relationships of 
the genus Chromobacterium. but as a study of the distrib­
ution of different strains (all of which were psychrophils) 
in different environments (eg. water, river sediment and 
soil). Many tests were therefore selected because they 
gave variable reactions within the accepted species 
C.lividum and a few which gave species differentiation, and 
in this respect one could say that the choice of tests was 
biased, certainly when considering the other genera 
included. The five other species from widely varying genera 
tended to be grouped amongst the species and subspecific 
group of Chromobacterium in the PCA, but this was clearly an 
effect of the bias introduced by the tests selected. The 
absence of results for 4 tests, in the case of these 5 
strains, may also have contributed to this result. Although 
the two species of chromobacteria have often been known to 
be widely different (Sneath, 1957; Moffett & Colwell, 1968; 
and others), they are considerably closer taxonomically 
than Bacillus, Pseudomonas. Macrococcus. Acinetobacter and 
Enterobacter.
Computer classification methods have been described, 
discussed and criticised in great detail (eg. Sokal &
Sneath, 1963; Pielou, 1969; Sneath & Sokal, 1973)* It has 
now become a standard microbiological procedure, in the 
same way as gas chromatography and electron microscopy, 
and the analytical procedures used in this investigation 
are well used and proven techniques.
Principal components analysis (PCA) is a type of 
factor analysis (Harman, 1960)0 The method was used by 
Hill et al (1965) to produce a classification of 
Staphylococcus. and has also been widely employed by 
Gyllenberg (1965, 1967). Lysenko & Sneath (1959) considered 
that use of a multi-dimensional analysis such as PCA 
avoided the distortion unavoidable in simple percentage 
comparisons. Hill et al (1965) arrived at similar 
conclusions.
When planning this study it was decided that rather 
than maximising the reliability of results by carrying out 
all tests in duplicate, screening of a large number of 
strains was the most important aim, and since about 40 tests 
were used for the main analyses, the small shift in 
position which may occur due to a false result ,was acceptable 
In fact, a number of tests were repeated, where results 
were uncertain, such as the O/F test in certain psychrophils.
Strains of C.violaceum and C 01ividum from culture 
collections (including neo-types) were included as reference 
points in the analyses.
The detailed data used in these analyses in available 
from Dr M. O. Moss, Dept, of Microbiology, University of 
Surrey.
Principal Components Analyses (PCA)
3A PCA of Sneath's Tests (Nos 1 to 7);
Results of the seven tests proposed by Sneath (1966) 
as the most suitable characters for species differentiation 
in the genus Chromobacterium» were analysed for 186 strains 
of chromobacteria and five other genera.
The program used permitted principal components to 
be extracted from three different matrices, ie. transformed 
distance, covariance and correlation. The map (eigenvector 
1 vs eigenvector 2), represented in Fig 19, was derived 
from the transformed distance matrix, in which 95% of the 
total variance was contained within the first 3 eigenvectors 
(Table 47), whereas in the analyses of the covariance and 
correlation matrices this was 87% and 80%, respectively.
In Fig 19, eigenvector 1 contains contributions 
from all seven tests since their loadings were all of the 
same order (aesculin and growth at 4°C had the highest 
loadings). In eigenvector 2, which only contained 11% of 
the total variance (eigenvector 1 contained 78%), acid 
from arabinose and growth at 4°C contributed most to the 
distribution of the clusters. The fact that groups A and 
E (typical C.lividum and C.violaceum. respectively) were 
exactly opposite in all seven properties is reflected by 
their distribution on opposite sides of the scatter map.
The 186 chromobacteria strains fell into five main 
groups (A to E) with a number of minor groups (F to H) 
containing two or three strains, and ungrouped strains 
(Fig 19). Group A was the largest, containing 111 strains 
(including the culture collection strains of C.lividum)
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D- 90,146,147,159,160,162tol65,189tol91.(12 strains).
E- 166tol72.(7 strains)(C .violaceum).
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Fig. 19 Principal Components Analysis of 18 6 Chromobacteria 
and 5 Strains from Other Genera, Using Sneath1s Tests. Map 
Based on the Transformed Distance Matrix.
TABLE 47
Eigenvalues and their Percentage of Total Contribution 
per Eigenvalue - PCA of Chromobacteria using Sneath*s 
Tests - Transformed Distance Matrix
Cumulative, 
Percentage percentage,
Eigenvector Eigenvalue contribution contribution
per Eigenvalue per eigenvalue
1 1.267 78.118 78.118
2 0.182 11.247 89.365
3 0.096 5.936 95.301
4 0.047 2.873 98.175
5 0.018 1.086 99.261
6 0.012 0.739 100.000
7 0.000 0.000
which gave typical test reactions for C.lividum. Group E 
had maximum separation, from A and contained all strains of 
C.violaceum. An analysis of the test reactions of the 
various groups is shown in Table 48. Group B contained 
eight strains which were atypical (as compared with 
C.lividum) in producing acid from trehalose. Group C 
(32 strains) differed from C«lividum (Group A) in being 
unable to produce acid from arabinose. As these atypical 
strains were only different in a single property, they 
were regarded as aberrant forms of C.lividum. These 
results throw doubt on the latter carbohydrate tests, 
particularly acid from arabinose since almost 20% of ray 
psychrophil strains were negative for this test.
Group D consisted of 12 strains which, although 
psychrophilic, gave atypical results in four of the seven 
tests (as compared with C,lividum), and in fact bore a 
closer similarity to C.violaceum. The three minor groups 
(F to H) and ungrouped chromobacteria were probably all 
aberrant psychrophils. Two strains, unable to grow at 4°C, 
could not be classified as mesophils since they would not 
grow at 37°C or produce HCN.
The five strains from other genera fell between 
groups A and E. This has no taxonomic significance as 
tests were specifically selected to give maximum 
differentiation of C,lividum and C.violaceum.
3B FCA of 32 Secondary Tests (Nos 17-48):
(i) General. Analysis of the three types of matrices 
formed, resulted in similar groupings, in each case0 
Although, in the analysis of transformed distance and 
covariance matrices, the first 3 eigenvectors contributed
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a greater proportion of the total variability (69 and 50%, 
respectively), the map shown in Fig 20 is that derived 
from the correlation matrix (46% of variability in the 
first 3 eigenvectors, see Table 49)Q This map was chosen 
because it gives a clearer view, in two dimensions (eigerw 
vector 1 vs eigenvector 2) of the groupings obtained. Hill 
et al. (1965) found a contribution of 54.5% by the first
five eigenvectors (55.3% in this study) to be acceptable in
/
their taxonomic study of Staphylococcus0
Many tests contributed to eigenvector 1; thirteen 
of these had loadings greater than 0.20, with the highest 
loadings being for aesculin and inositol. Again, many tests 
contributed to eigenvector 2. However, most of the 
distribution along this axis can be defined by fermentative 
metabolism and HCN production.
The 186 strains of chromobacteria included in 
the analysis formed five well defined clusters (K to O), 
with only 3 strains of Chromobacterium remaining ungrouped 
(Fig 20). Clusters L and M, however, were less well defined 
than other groups, and for this reason are encompassed by 
a broken line, in Fig 20. In deliniating these clusters 
ore appreciates the criticism of Sneath (1972) concerning 
the subjective element involved in this process.
Cluster K comprised 139 strains (almost 80% of 
the psychrophilic isolates) including the two culture 
collection strains of C.lividum. An analysis of the test 
reactions of the various groups is given in Table 50 (Page 
283)o Cluster O contained the 7 culture collection strains 
of C.violaceum and was widely separated from cluster K.
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Strains included in each cluster;
K- lto!5,l7to25,27t629, 37,40,41,43to89,91,93/95tol08,Illtol20, 
122tol24,129tol32,134tol45-, 150,152tol54,156,158,173,174,181tol88. 
(total of 139 strains)(c.lividum).
L- 26,311034,36,39,42,126,133,149.(11.strains).
M- 30,35,90,92,94,109,110,121,125,127,146tol48,151,155,157,
(16 strains).
N- 159tol65,189tol91.(10 strains)('spreaders).
0- 166tol72.(7 strains)(C.violaceum).
Fig. 20 Principal Components Analysis of 18 6 Chromobacteria 
and 5 Strains from Other Genera, Using 32 Tests. Map Based on
the Correlation Matrix.
TABLE 49
Eigenvalues and their Percentage of Total Contribution 
per Eigenvalue - PCA of Chromobacteria using 32 tests - 
Correlation Matrix
Eigenvector Eigenvalue Percentage Cumulative
contribution percentage
eigenvalue. contribution
per eigenvalue
1 8.492 26.536 26.536
2 4.262 13.319 39.856
3 1.910 5.970 45.825
4 1.200 5.314 51.139
5 1.331 4.158 55.297
6 1.301 4.066 59.364
7 1.224 3.825 63.188
8 1.090 3.407 66.595
9 1.020 3.188 69.783
10 0.992 3.100 72.883
11 0.986 3.082 75.964
12 0.910 2.843 78.807
13 0.862 2.695 81.503
14 0.785 2.453 83.955
15 0.749 2.342 86.297
16 0.710 2.219 88.516
17 0.548 1.711 90.228
etc0
TABLE 50
Analysis of Test Reactions of 186 Strains of Chromobacterium from PCA Grouping 
(Using 32 Tests),and of Theoretical Strains, as Described by Sneath(1974).Test
Reactions are Expressed as Percentage of Strains Giving Positive Reactions 
(where Data Available) or as + and
Theoretical
Test PCA Grouping (and 3 ungrouped strains) .
 _______A      ■V------------------ -------strains_________
(  ^ K L M N 0 16 38 128'C.lividum C.violaceum^
17.Gelatinous colonies 33.1 100 100 0 0 + + - 70 -
18.Variation in pig~* 7.2 27.3 6.25 0 0 - - - • •
19.Anaerobic growth 35.25 9.1 18.75 100 100 + - - - +
20.Growth on AAA 89.2 9.1 26.0 0 57.1 - + - • •
21.Growth on NAx4 66.2 0 0 20 100 + + - • •
22.Acid from glucose 100 90.9 62.5 100 100 + + + 95 +
23. " " sucrose 89.2 81.8 6.25 10 42.9 + - + 80 25
24. " " maltose 100 63.6 68.75 100 85.7 + + + 95 50
25. " " fructose 100 63.6 6.25 100 100 + + + 95 +
26. " " mannose 99.3 81.8 6.25 90 100 + - + 95 80
27. " " galactose 100 100 13.0 80 85.7 + + + 95 -
28. " " lactose 17.3 54.5 18.75 0 100 - - + 90 -
29. " " arabinose 78.4 63.6 26.0 10 0 + - + 95 -
30. " " trehalose 3.6 54.5 56.25 100 100 - - + - +
31. " " cellobiose 100 100 31.25 30 85.7 + + + 60 -
32. " " mannitol 89.9 0 6.25 0 0 - - - 80 -
33. " " sorbitol 86.3 0 0 0 0 - - - 95 60
34. w " inositol 85.6 9.1 6.25 0 42.9 - + + 95 -
35. " " glycerol 95.7 0 0 30 100 + + - 80 10
36. " " inulin 47.5 9.1 6.25 0 0 - - - 40 —
37.Fermentative (glucose) 0 0 0 100 100 - - - - 80 .
38.Reduction of nitrate 100 100 100 100 85.7 + + + + 95
39.Reduction of nitrite 79.1 72.7 93.75 0 14.3 + + + + 80
40.Gas from nitrate 41.7 54.5 81.25 0 14.3 - ~ + 40 -
41.Starch hydrolysis 0.7 90.9 18.75 10 0 + - + - w or -
42.Malonate utilisation 2.9 0 0 0 0 - - - . -(+) •
43.Gelatin hydrolysis 43.9 90.9 50.0 100 100 +' + + -(+) +
44.Growth at 4°C 100 100 81.25 100 . 0 + + + .+ -
45.Growth at 37°C 0 0 0 0 100 - - - - +
46.Aesculin hydrolysis 100 100 75.0 0 0 + + + 95 -
47.Casein hydrolysis 0 0 37.5 100 100 - - - 10 +
48.HCN production 0 0 0 0 100 +
Number of strains 139 11 16 10 7 1 1 1 • •
Test reactions: + = positive; - = negative; w = weak; -(+) = usually negative;
. = data missing.
Clusters L and M, which contained 11 and 16 
strains, respectively, were rather more diffuse than K 0 ; 
Nevertheless, members of the two clusters showed well 
defined differences in some properties (discussed later)* 
Cluster L and the 3 ungrouped strains lay in the space 
between K and M, and may represent intermediate forms in an 
evolutionary line, although data in this respect is limited 
and the link may be fortuitous.
Cluster N, which was a group of unusual 
psychrophilic river isolates, showed many differences from 
typical C«lividum, as defined in the 8th Edition of Bergey*s 
Manual (Sneath, 1974) and generally showed a closer 
affinity to C.violaceum0
The five strains from other genera were 
situated between clusters K and O (which represent typical 
members of the two species of Chromobacterium). However, 
as previously discussed this was an artifact caused by 
deliberate selection of tests that distinguish between 
strains of Chromobacterium, and has no phylogenetic 
implications•
(ii) Flagella: Electronmicrographs of some of the
strains, used in this analysis, were prepared to observe 
flagellar formation. (Plates 7 to 16, Appendix I). All 
186 strains of Chromobacterium proved to be motile. Some 
variation was seen in the proportion of cells that were 
motile in 18 hour JNB cultures. The strains in cluster N 
showed a higher proportion of motile cells than most other 
strains.
Cruess»Callaghan & Gorman (1935) reported that
all strains possessed polar flagella and some had a few 
lateral flagella, in addition. Leifson (1956 a & b) and 
Sneath (1956 c) found that most strains possessed a single 
polar flagellum and a few lateral flagella, which were 
distinguishable by shape, length, curvature, antigenic 
properties and staining properties. The characteristics 
of the two forms were described in more detail on page 11. 
Sneath (1960) considered that this property of mixed 
flagellation was useful in defining the genus, but like 
other workers, recognised the existence of strains from 
both species which possessed only polar flagella.
Sneath (1960) found that more flagella were 
produced in agar culture than in broth, but even so, some 
strains produced only the polar type. In this study strains 
were cultured on JNA for 12 hours, and a suspension of cells 
prepared for staining. However, gelatinous strains did not 
readily form even suspensions, and so it was necessary to 
grow these in broth culture. Polar flagella were observed 
in all strains, although non-flagellated cells were often
«r
encountered. Some strains from cluster K possessed more 
than 6 flagella (Plates 7 and 8), but it was often difficult 
to ascertain which of these, if any, were the polar 
flagella, since they were often disarranged during making of 
the stained preparation. Sneath (1960) reported as many as 
8 lateral flagella in some strains, but pointed out that, 
due to the presence of large numbers of lateral flagella, it 
was often difficult to demonstrate the polar type. Neverthe­
less, he felt that they were always present.
Some cluster L strains possessed 2 or 3 flagella.
Plate 10 shows two cells which possess flagella in both 
polar and lateral positions, but the cell depicted in 
Plate 9 possessed two polar or subpolar flagellae
Cluster p (Plates 15 and 16) also contained 
strains showing only one polar flagellum, while others 
possessed the lateral type as well. Plate 12 (cluster'M) 
showed lateral flagella, but in strains from cluster N 
(Plate 13 & 14) onlya single polar flagella was ever seen;. 
However, N. A. Logan (Moss - personal communication), during 
a study of some of the cluster N strains, found them to 
possess polar flagella and also one or two lateral flagella. 
He used light microscopy in his study of flagellar 
morphology.
Although flagellation is variable, no correlation 
with species can be seen (Sneath, 1960). Many flagella were 
probably detached from the cells during preparation of the 
cultures for electronmicroscopy, and certainly many 
unattached flagella could be seen in the electronmicrographs 
The quality of the preparations would undoubtedly have 
improved with time and practice.
(iii) Colony morphology: As previously described, colony
morphology of strains of chromobacteria were extremely 
varied and often complex, at primary isolation, as can be 
seen in a series of colour plates deposited with Dr M. O. 
Moss. The colonies photographed in this series were not 
used in the computer analyses and it is not, therefore, 
possible to ascribe them to any one of the computer clusters
In primary isolation strains grouped in cluster
K were usually butyrous (67%) or butyrous with a gelatinous 
centre (b /g ). Distribution of pigment in these strains
was often extremely complex, forming radial patterns 
(Plates 30 and 31^Appendix II) and concentric ringso The 
centres of this type of colony were usually more deeply 
pigmented than the edges. Mucoid or membranous colonies 
were occasionally formed by members of this group. Only 
4 strains (2.9%) from cluster K produced totally gelatinous 
colonies on primary isolation, while clusters L and M 
contained 82 and 8705%,respectively. These totally 
gelatinous strains, characteristic of L and M often formed 
deeply pigmented,domed, glistening, gelatinous colonies 
in primary isolation, although some mixed gelatinous and 
butyrous types were seen. These different colony types 
were discussed in greater depth on page 269.
After subculture this diversity of form 
rapidly diminished until the majority of strains from all 
groups (except N) formed relatively simple, smooth, flat 
or domed convex, translucent and glistening colonies, 
although there was still some variation in texture, size 
and pigmentation. Plates 18 to 29 (Appendix II) show 
subcultured colonies of strains from the different computer 
clusters, and Plate 17 shows the scale of all the 
photographs shown.
Subcultured strains from clusters K and O 
mainly produced butyrous colonies, while those from L and 
M were gelatinous. The greater cohesive power of the 
gelatinous growth is probably the cause of their more 
domed appearance. Although no radical variation in 
pigmentation was evident in subcultured strains, concentric 
rings of deeper pigment could sometimes be seen (Plates
18 and 22 )c Sneath (1974) also reported this phenomenon 
among psychrophilic strains. As shown in Plates 24 and 25 
strains of C.violaceum were more often deeply pigmented at 
the edges, as was occasionally observed by Sneath (1960), 
although other strains were often darker at the centre.
The degree of colony pigmentation varied from strain to 
strain and it could not be said that one species was 
generally more pigmented than the other. A decline in 
pigmentation was often seen with successive subcultures, 
and this has been reported by many other workers.
Although most K strains produced uniformly 
butyrous colonies, after subculture (Plates 18 and 19), a 
few strains which on primary isolation had produced B/G 
type colonies, produced uniformly soft gelatinous, and 
usually weakly pigmented colonies. A few produced 
membranous, deeply pigmented and leathery colonies. Corpe 
(1954) recorded membranous strains from water. A few 
mucoid and transparent colonies were also formed.
Colonies from cluster L (Plates 20 and 21) were 
predominantly gelatinous and domed, as were those from M 
(Plates 22 and 23), but one or two lost this property and 
produced butyrous growth. Gelatinous colonies were often 
deeply pigmented, although some became very pale.
Cluster N produced growth which was very flat, 
spreading, butyrous and somewhat reminiscent of the colonies 
of flexibacteria (Plates 26 to 29). For this reason, these 
strains were termed "Spreaders11 • The flat growth was not 
produced due to an excessive moisture on the agar surface, 
since on primary isolation plates this type of growth was
produced on plates where other chromobacteria produced 
raised growth. Further, Plate 29 shows the same strain as
t*/ ■
Plate 28, but grown on the surface of a plate which was 
dried in a warm air cabinet. Although the spreading is 
somewhat reduced, growth is quite distinct from that of the 
other groups. Again concentric variation in pigment could 
sometimes be seen (Plate 26& 27 ) and pigment intensity 
varied somewhat from strain to strain. They resembled 
other chromobacteria in the tendency of some strains to 
lose the ability to pigment. When colonies became pale, 
they were often practically invisible, because of the 
extreme thinness of the growth.
No occurrence of rough variants was observed in 
C.violaceum. unlike the reports of Hutchinson (1940) and 
Sneath (1960).
A phenomenon often noticed, particularly among 
members of cluster L, but also in clusters K and M, was 
the variation in pigmentation between different colonies 
in a pure culture. Some strains seemed to produce weakly 
or non pigmented variants at a high rate (Plate 22), and 
this may be analogous to the radial variation seen in 
some colonies at primary isolation (Plate 30 and 31).
These strains did not seem to become totally composed of 
non pigmented, or weakly pigmented forms, but always 
retained deeply pigmented forms, although this may have 
been due to a tendency to select pigmented colonies when 
subculturing. Sneath (1960) observed erratic production 
of pale variants, with the tendency suddenly starting and 
suddenly ending, and so the recording of this trait at one
moment in time and its use as a property in the computer 
analysis may have been misrepresentative. However, the 
property was never observed in the seven strains of 
C 0violaceum and seems to have varied from cluster to 
cluster.
Much of the apparent variation in pigmentation 
of pure cultures observed by such workers as Sneath (1960) 
and DeLey (1964^ may have been due to overcrowding of 
colonies which, as mentioned earlier (See, Development of 
a Selective Medium) inhibits pigment production. I avoided 
this possible effect by comparing only well separated 
colonies.
3C Properties of Clusters K and O:
Clusters K and 0 represented the two species 
of Chromobacterium (C.lividum and C 0violaceum respectively), 
as defined by Sneath (1974), since not only did they fit 
this definition closely but both clusters contained their 
respective neotypes. The properties of the two species 
as described by Sneath are represented in Table 50, as 
well as an analysis of the test reactions of members of 
the various clusters.
Some properties of strains in the two 
clusters did, however, differ from Sneath*s description.
He described C.lividum as often producing acid from 
lactose (90%), but not from trehalose, while only 17% of 
cluster K were lactose positive, and a few (3.6%) strains 
were trehalose positive. Leifson (1956 b), Cowan & Steel
(1965) and Moffett & Colwell (1968) considered C.lividum 
* to be lactose negative.
All the strains of C.violaceum, included in
cluster O, deviated from Sneath*s definition, particularly
in the case of certain carbohydrate reactions. Nearly all strains
tested in .this study produced acid from galactose, lactose,
/, ' ■ 
ceUdbiose and glycerol, but Moffett & Colwell (1968) and
Sneath (1974) made opposite observations. In agreement
with Leifson (1956a & b) and Moffett & Colwell, it was
found that strains were sorbitol negative while Sneath observed
60% to be positive.
Such extreme differences between observations
is unlikely to be due purely to intraspecific variation. .
Although Sneath (1974) did not specify his testing
procedure, he did use Hugh & Leifson*s medium in his
review of the genus (Sneath, 1960), and the same medium
was used in this study. The same incubation time and
temperature were used in both studies (ie. 14 days at
25°C), as generally recommended by Cowan & Steel (1965).
So it seems that differing testing procedure does not
account for the differences either©
Cluster K tallied well with Sneath*s description
for nitrate and nitrite reduction, but again cluster O
showed some significant differences. Sneath (1974)
reported that 80% of C.violaceum strains reduced nitrite
and none produced gas, while only one of the cluster O
strains (ie. 14%) reduced nitrite, but this also produced
gas.
3D Properties of Clusters L and M:
These clusters contained psychrophils showing 
various differences from the typical C.lividum, but with
certain properties in common. These strains formed 
gelatinous colonies on primary isolation, and although 
a few were of the mixed gelatinous/butyrous type, over 
80% were totally gelatinous, as compared with only 3% 
in cluster K, and in fact, few had lost'the ability to 
produce gelatinous growth after prolonged subculture.
This type of colony could be lifted off the agar intact, 
with a needle. This was also described by Sneath (I960).
Although pellicles were formed on broth by all 
psychrophils (except cluster N) and were variable in 
strength, those produced by the gelatinous strains were 
tough and leathery.
These strains were also aberrant in other 
properties, including some of Sneath*s seven tests. For 
example, more than 50% of both clusters produced acid from 
trehalose, and arabinose was only used by 26% of cluster 
M. Cluster M showed a high proportion of atypical reactions 
for the seven tests described by Sneath (1966) as compared 
with C.lividum, and in this respect showed some similarity 
to C.violaceum, although generally they were widely 
different (as shown by their separation on the PCA map).
Clusters L and M also showed various 
distinguishing properties. Cluster M was mainly composed 
of very strong denitrifiers reducing nitrate p^st nitrite 
in about 2 days, and usually on to nitrogen gas within a 
week or two, while cluster L (and K) were less active. 
Although both clusters were markedly less versatile than K 
in attacking carbohydrates, group M appeared to be almost 
inert, often producing a strong alkaline reaction in Hugh
and Leifson*s medium, even with glucose. Sneath (I960,
1974) noted a similar reaction in a few strains. All 
chromobacteria are able to produce ammonia from peptone 
(Sneath, 1974). Cluster M were very active nitrogen 
metabolisers, and were also more proteolytic than typical 
C 0lividum (37.5% hydrolysed casein and 50% gelatin). In 
a few cases prolonged incubation resulted in a change from 
alkaline to acid reaction with glucose. However, a few 
strains gave alkaline reactions with glucose, and yet 
produced acid from another sugar, often maltose. Hugh & Leifson 
(1953) and Sneath (1972) pointed out that if bacteria 
gave a negative reaction for glucose they were generally 
negative for all other sugars. Maltose is a disaccharide 
(dimer of glucose) and is presumably metabolised via 
glucose. The answer must lie in preferential absorption 
and metabolism of maltose, greater acid production or 
reduced alkali production in maltose - Hugh & Leifson 
medium. None of these explanations seems likely and 
perhaps these results were due to experimental error.
Cluster M contained a few aesculin negative 
strains, some that were unable to grow at 4°C (although 
they would not grow at 37°C, either) and also casein 
positive strains. Although all are atypical reactions, 
other workers have also observed occasional aberrant strains 
of this type (Eltinge, 1957; Sneath, 1960). Cluster L 
contained a large number of strains which were capable of 
utilising starch (90%) and gelatin (90%), both of which 
are reported as negative for C.lividum (Cowan & Steel,
1965; Sneath, 1974).
Although the above strains show many 
differences from the accepted definition of C.lividum, 
there seems little doubt that they have closer affinity 
to this species than to C.violaceum. Older classifications 
included more species, some of which appear to be 
analogous to these strains, particularly those in cluster 
M. Cruess-Callaghan & Gorman (1935) described a species 
with gelatinous colonies which was psychrophilic and 
gave negative or weak reactions with carbohydrates. They 
named the strain C 0membranaceum amethystinum. Corpe 
(1953, 1954) described gelatinous soil strains which 
reduced nitrate rapidly, as far as nitrogen gas and 
hydrolysed starch, both properties found in clusters L and 
M. He also found that they gave weak or negative reactions 
in peptone containing carbohydrate test media and stated, 
"Their acid-producing abilities compete poorly with their 
ability to deaminate amino acids with the production of 
ammonia and other basic substances."
Steel & Midgley (1962) referred to gelatinous 
strains as C .amethyst inum, but Corpe did not consider the 
possession of the gelatinous property as sufficient 
justification for a new species. Indeed, these variants 
seem to be generally lumped in with other more typical 
strains of C.lividum.
3E Properties of Cluster N ("Spreaders"):
As previously described, strains in cluster N we­
re unusual in producing a flat, effuse growth on JNA 
(Plates 26 to 29, Appendix II) and in this respect were 
distinct from all other clusters. These were only isolated
from water where they numbered only 2 to 5cfu/ml. They 
were only isolated during summer and early autumn, 
probably because at this time other chromobacteria were 
so low in number , that the spreaders constituted a 
relatively greater proportion of the strains present.
Preliminary tests showed that the purple pigment 
was indeed violacein (pigment solubility and chemical 
tests) and the organisms were catalase positive, citrate 
positive, weakly oxidase positive,Gram-negative rods.
These properties were similar to all other chromobacteria.
Sneath*s tests showed that although the spreaders 
were psychrophilic and did not produce HCN, reactions 
typical of C.lividum, they resembled C 0violaceum in the 
other tests, (casein positive, aesculin negative, arabinose 
negative and trehalose positive). Like the typical 
mesophilic strain, spreaders were fermentative, strongly 
proteolytic (casein and gelatin being hydrolysed rapidly) 
and were also very similar in carbohydrate reactions 
(including being xylose negative). They also were weak 
denitrifiers reducing nitrate to nitrite, and not beyond.
They did,however, differ from C.violaceum in their ability 
to survive in storage in JNB at 4°C for over 2§ years; the 
mesophils died out within a few weeks. Psychrophilic 
strains seemed to be considerably more tenacious than the 
mesophils.
MR, VP and phenylalanine deaminase tests were 
negative, as for most other chromobacteria® Like C.violaceum 
they grew anaerobically (although two strains were slow) 
and were malonate negative (Snell, 1972).
It is interesting that all 10 strains were 
very similar in their test reactions, strains differing 
only in one or two carbohydrate tests. In fact, some 
strains appeared to be identical, despite the fact that 
they were isolated over a period of weeks, from the River 
Wey. Strains of C .1ividumt on the other hand are well 
known to be very variable in properties (Eltinge, 1957; 
Sneath, 1960, 1974), as demonstrated by the scatter of 
psychrophils in this analysis.
Examination of gram-stained preparations 
revealed that some spreaders produced long aseptate 
filaments. There was considerable variation in the 
proportion and length of filaments from strain to strain. 
These filaments were generally weaker staining than the 
normal rods, and were also smaller in diameter. Long 
chains of cells were often seen, but all strains contained 
small round-ended rods, in short chains or singly, and more 
typical of the genus (Sneath, 1974). Long chains of rods 
and short filaments were only rarely seen among other 
strains of chromobacteria, but in the spreaders were often 
numerous and sometimes over SO^min length (based on 
comparison with single cells, taken as 1 to 5jjmin length). 
Bampton (1913) noted filamentous forms up to 15jmin length. 
Like other strains, the spreaders produced occasional 
irregularly shaped, single cells, and this tendency for 
slight pleomorphism was also reported by Sneath (1960).
Very long chains of cells have been reported in rough 
variants of C.violaceum (Hutchinson, 1940; Hutchinson & 
Kelner, 1942).
In hanging-drop preparations-the filaments 
were actively motile and were remiscent of swarmers, well 
known to occur in young colonies of Proteus vulgaris and 
P.mirabilis (Lautrop, 1974; Cruickshank et al., 1975).
Zopf (1883) described long and short swarming rods in 
some chroraobacteria, but no other records of this kind 
seem to exist. As mentioned earlier, spreaders possess 
both polar and lateral flagella, like other chromobacteria, 
but the total number of flagella seems to be small, unlike 
swarmers of Proteus which are usually invested with many 
lateral (peritrichous) flagella.
The presence of these swarmer-like filaments 
and the high motility of the cells in general may be the 
cause of the very effuse colony growth. Drying of the agar 
surface did somewhat reduce the spreading (Plates 28 and 
29, Appendix II), although colony morphology was still 
quite unlike that of strains from any other cluster. The 
colonies were very soft and butyrous and no pellicle was 
formed in liquid media which may also indicate a very low 
cohesive power of the growth, as compared with normal 
chromobacteria. All other strains of chromobacteria formed 
pellicles, even those producing butyrous colonies on agar, 
and gelatinous types formed tough, leathery and extremely 
tenacious pellicles in broth.
N. A. Logan (Moss - personal communication) 
carried out an investigation at the University of Surrey 
on six of the isolates in cluster N and also 2 strains of 
C.violaceum and 1 of C.lividum from a culture collection.
His results confirmed ray findings concerning the biochemical 
separation of the spreaders from the recognised species
of Chromobacterium0 Using U.V. spectrophotometry he 
confirmed that the'spreader's purple pigment was violacein, 
with spectra very close to those recorded by Gilman (1953) 
and Sneath (1960, 1966) for violacein. Light microscopy 
of flagella showed that spreaders like the C.lividum and 
C.violaceum strains tested, possessed one polar and a few 
lateral flagella*
3F Tests of Use in the Separation of the ChromobacteriaJ 
In terms of separation of bacterial groups 
certain tests prove to be more useful than others. The 
results expressed on Table 50, an analysis of the mean 
reactions of the different PCA groupings of chromobacteria 
to the tests used, was modified by converting three 
percentage ranges into symbols (ie* 0 to 29%= - , 30 to 
70% = V (variable), 71 •» 100%= + ). Certain tests could 
be seen to give poor separation ie. where all tests gave 
similar results, or were variable (v). In computer taxon. 
cmy this is sometimes referred to as "noise" and, when one 
is concerned with species differentiation, only acts to 
cloud the effect of useful tests in the formation of groups 
Table 51 shows the results of the computer 
analysis, where percentages have been substituted by symbol 
and tests giving poor differentiation have been extracted 
(variation in pigmentation, acid from glucose, maltose, 
cellobiose, inulin, nitrate reduction, malonate utilisation 
and gelatin hydrolysis). Tests which gave clear cut 
separation between the 5 groups (K to O) included acid from 
mannose, mannitol and sorbitol, fermentative metabolism, 
nitrite reduction, starch and aesculin hydrolysis, growth
TABLE 51
Analysis of Test Reactions of 186 Chromobacteria from PQA Grouping 
(32 Tests). Percentage Positive Reactions of Strains(See Table 50) 
Expressed as Symbols*. Those Tests Giving Poor Separation of Groups 
have been Extracted.
Test
.PCA grouping of chromobacteria
L M N 0 16 38 128 ^
17.Gelatinous colonies V + . + - - + + . +
19.Anaerobic growth V - - + + + - -
20.Growth on AAA + - - - v . - + -
21*Growth on NAx4 V - - - + + + -
23.Acid from sucrose + + - - V + - . +
25. ", “ fructose + V - + + + + +
26 ", ", mannose + + - + + + - +
27. *f 1 galactose + + - + + + + +
28. " " ladtose - V ' - - + - - +
29. " " arabinose + V - *- + - +
30. " " . trehalose - V V + + - - +
32. " " maiinitol + - - - - - - -
33. ” " sofbitol + - - - - - - -
34. " " inositol + - - - V - + +
35. ", " glycerol + - - V + + + -
37.Fermentative “ - - + + - - -
39.Redii.of nitrite + + + - - + + +
40.Gas from Nitrate V V + - - - - +
41.Starch hydrolysis - + - - - + - +
44.Growth at 4°C + + + + - + + +
45.Growth at 37°C - - - - + - -
46.Aesculin hydrolysis + + + - - + + +
47.Casein hydrolysis - - V + + - - -
48.HCN production — — — — + — — —
Number of Strains 139 11 16 10 7 1 1 1
* + = over 71% positive reactions; v = 30-70% positive
reactions; - = less 29% positive reactions.
at 4°C and 37°C, and production of HCN.
Besides the 7 differentiation tests already 
outlined, Sneath has suggested that.acid from xylose, 
lactose, inositol, mannitol, cellobiose, glycerol and 
galactose (Sneath, I960) and turbidity from egg yolk 
(Sneath, 1974) may also be useful. Eltinge (1957) used 
acid from maltose and nitrate reduction as differential 
tests, and Cowan & Steel (1965) used gelatin hydrolysis 
to distinguish between C 0lividum and C 0violaceum0
In this study we may include clusters L and
M with K as C.lividum, albeit aberrant forms® As cluster
N is somewhat of a misfit in the presently accepted
classification scheme for Chromobacterium, we will omit
it so that a comparison can be made with other workerfe
choices of differential tests® Tests which gave good
differentiation between clusters K, L & M (together)
(C.lividum) and cluster O (C 0violaceum) were fermentative 
&Mi*i r*\
metat^, nitrite reduction, growth at 4°C and 37°C, aesculin 
hydrolysis and production of HCN. Four of these properties 
are included in Sneath1s original seven differential 
tests, and nitrite reduction forms part of Eltinge*s 
scheme. Various workers (eg. Sneath, 1960, 1974) have 
isolated non-fermentative mesophils, and so when applied 
to a larger number of mesophils, this test would presumably 
be of little use. The other tests, recommended by previous 
workers, proved to give variable results for the C.lividum 
groups represented here. This was particularly the case 
for arabinose since, as seen from the percentage analysis 
in Table 50, many arabinose negative strains were seen
among the psychrophils (ie. 21.6% in cluster K, 36.4% 
in cluster L and 74% in cluster M)0 This was also the 
case, to a lesser extent, with acid from trehalose, where 
3C6% in cluster K, 5405% in cluster L and 56.25% in 
cluster M gave aberrant results. In the analysis of 
Sneath*s tests described earlier, aberrant reactions in 
only these two tests resulted in 80% of the atypical 
psychrophils (ie. strains placed in groups B, C & D - See 
Table 48).
It seems likely that production of acid from 
arabinose and possibly also trehalose should be excluded 
from the tests used for rapid identification of the two 
specieso Since Sneath (1974) has added a further two 
tests to the list, they could be removed without the 
scheme becoming unworkable.
3G Concordance of Groupings by PCA of Sneath* s Tests 
and 32 Secondary Tests:
Clusters formed by the two analyses (A to H 
in PCA of Sneath*s tests; K to 0 in PCA of 32 secondary 
tests were generally very similar. Table 52 shows the 
number of strains of Chromobacterium common to these 2 
series of groups. Cluster K was composed mainly from
|t*<g
strains given typical C.lividum reactions to the Sneath 
tests (Group A) with a few from C and 3 from other groups. 
This again illustrates that acid from arabinose is an 
unsuitable differentiation test, since 29 strains of 
C.lividum. which a further study proved to be typical 
C.lividum. were grouped as atypical in the earlier 
analysis on the basis of aberrance in this test. Cluster
L and M were composed of atypical psychrophilic strains 
from various of the groups (a to and in fact M 
contained a large proportion of strains ungrouped in 
the first analysis. Cluster N (spreaders) were mainly 
grouped together in group D, although one strain (161) had 
not been grouped with the other spreaders since it 
produced acid from arabinose. Three other psychrophilic 
strains, later placed in cluster M were grouped with the 
spreaders in group D. All C.violaceum strains were 
grouped together in both analyses, so that groups E and 
O were identical. The three ungrouped strains in the 
analysis of 32 tests had been placed in different groups 
by Sneath*s tests.
The differential tests proposed by Sneath
(1966) gave very close groupings to a more extensive 
analysis of the properties of the strains. However, most 
differences which did occur were caused by psychrophilic 
strains which were aberrant for arabinose utilisation 
tests. The scheme would be improved by substitution of 
a more reliable test, but since so few mesophilic strains 
were used in this investigation, it is difficult to 
propose a replacement test which would not prove unreliable 
among C.violaceum strains.
Cluster Analysis of 41 Tests (Nos 8 to 48)
The result of the McQuitty*s Similarity 
Analysis is presented in the form of a dendrogram (Fig 21). 
Sneath (1972) pointed out that, although dendrograms have 
many drawbacks in terms of accuracy of representation of
TABLE 52
Concordance of Grouping of Chromobacteria by PCA of
Sneath*s Tests and of 32 Secondary Tests. Number of
* / -
Strains Common to Both Clusters
PCA grouping using 32 tests
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relationships, they serve as useful summaries. He has 
also criticised the fact that clustering in scatter maps 
has to be done by eye, and presentation of the data in 
both manners must add strength to the groupings formed 
by each, if the results are similar, as they indeed were.
As there is no definition as to what constitutes 
a Mgood classification11, based on a particular set of 
data, comprehensibility is the only criterion which can 
be used when selecting a particular clustering technique.
In the words of Wishart (1969), the author of the 
cluster analysis program, 11 In absence of any sound 
theoretical basis for the subject, perhaps the most 
practical approach to clustering is to experiment with 
several methods until it becomes apparent which methods 
are most likely to succeed with a particular problem.**
Of the various cluster methods available in this program, 
McQuitty’s Similarity Analysis was found to give the best 
results with this data.
As the Clustan programme can handle data with 
no variability between the strains, for completeness* 
sake, various tests which were not included in the PCA 
analysis, (Test Nos 8 to 16), since they gave the same 
result in all strains, were included making a total of 
41 tests. Inclusion of these tests would not alter the 
relative separation of the various groups, but simply 
increases their overall similarity.
Clustering by PCA and Clustan gave extremely 
similar results, with the exception of the 3 ungrouped 
strains, in PCA, which were grouped by Clustan. If the
boundaries of clusters K and L had been extended towards 
one another, these 3 strains would have merged with the 
clusters in the same way. Table 53 shows the number of 
strains common to the various groupings formed by the two 
techniques. One use of this alternative method of 
presentation (dendrogram) of the relationships of. the 
various groupings, is that it gives an idea of the 
relative degrees of separation of the various groups, or 
in Sneath*s terms, the depth of the cleft between the 
various groups can be seen more easily than in a 2- 
dimensional presentation of the PCA results. It can be 
seen that the spreaders represented in the dendrogram by 
cluster IV show a much greater level of separation from 
the other psychrophilic strains (clusters I, II and III) 
than from the mesophils (cluster V). The implications of 
this are discussed later.
Various minor groups could be discerned in 
cluster I (equivalent to K), which were not visible on 
the PCA map, illustrated in Fig 20, although they may 
have also been visible if sufficient of the total 
variability had been expressed in the map. However, they 
may have been artifacts of the mode of cluster analysis 
or presentation of results. Such artifacts are known to 
be created by some cluster analysis techniques. Wishart 
(1969) pointed out that McQuitty*s technique sometimes 
has a tendancy to "chain11 with large populations.
Taxonomic Implications
The presence of the two culture collection 
strains of C.lividum in cluster K, in the PCA of 32 tests,
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as well as the cluster’s general properties show clearly 
that these strains^represent typical C.lividum0
Cluster L and M contain strains which although 
different in various respects, show poor separation from 
K with the presence of intermediates* In fact, these 
clusters probably encompass strains once regarded as 
separate species, such as the gelatinous C *amethystinum 
and possibly C.membranaceum (and variations on these 
epithets)* Corpe (1953) did not consider that the 
gelatinous property was sufficient reason for the 
existence of a separate species, although it should be 
pointed out the strains in cluster M particularly showed 
many more differences apart from their ability to 
produce gelatinous growth (after subculture)* The 8th 
edition of Bergey’s Manual states that the gelatinous 
types are varieties of C.lividum (Sneath, 1974) and 
certainly, the species definition acknowledges that 
member strains are very variable.
Sneath (1972) stated, "There is much to 
recommend the common practice of regarding each well 
defined and well separated cluster as a species*.•"
Cluster L and M must be considered as members of C.lividum 
because no clear separation exists*
The two species of Chromobacterium have been shown 
to be disparate in many studies (eg. Lysenko & Sneath,
1959; DeLey & van Muylem, 1963; Snell & Lapage, 1973; 
and many others)* Leifson (1956 b) and Moffett & Colwell 
(1968) suggested that the two species should perhaps be 
given the status of separate genera* Sneath (1960)
pointed out that one "... could, with equal logic, 
reduce the genera Serratia and Pseudomonas to species*" 
Indeed, where are the guide lines?
Eltinge (1957), on the other hand, stated, 
"Chromobacterium are difficult to divide into species 
because of the considerable differences between strains*" 
She pointed out that intermediate forms made classific­
ation difficult. The present species definition is such 
that true intermediate forms do not seem to occur, 
although aberrant subgroups of both species are known 
(Sneath, 1960) and this seems to strengthen the view that 
the two species are not closely related.
There is little doubt that cluster N (spreaders) 
are members of- the genus Chromobact er ium« since, as 
stated earlier, they have most properties common to the 
genus* Strains in cluster N do, however, create 
problems since they seem to stand as an intermediate 
group* As can be seen from the cluster analysis, generally 
they resemble C.violaceum and are well separated from the 
other psychrophils. In some respects, though, they differ 
from C.violaceum and resemble C.lividum. eg. unable to 
produce HCN, psychrophilic, long-lived in ^NB at 4°C.
Much weight is placed on ability to grow at 
4°C or 37°C, in the present classification. Cluster N 
strains are too well separated to be placed with the 
other psychrophils, but would not easily group with the 
mesophils. It would seem that as the spreaders form a 
well defined and well separated group, meeting up to the 
standards set by Sneath (1972), they should be regarded
as a new species in the genus. Of course, further 
descriptive work would need to be carried out first.
Various other new species have been proposed, 
such as C.marinum (Hamilton & Austin, 1967) and 
C.maris-mortui (Elazari-Volcani, .1940), which are placed 
under Species incertae sedis in 8th edition of Bergey’s 
Manual. The nitrogen-fixing psychrophils (Bettelheim et 
al., 1968) proposed as C.folium are grouped under 
C.lividum in the NCTC. Gauthier et al. (1975) isolated 
a marine organism which resembles chromobacteria in many 
respects, including violacein production and mixed 
flagella morphology, but consider that it should be 
placed in Pseudomonas Group IV of Shewan et al. (1960).
As pointed out in the Introduction, to accept this 
species as a member of the genus Pseudomonas is to 
invalidate the existence of the genus Chromobacterium.
Clusters, Sources and Seasons
The principal aim of the computer analyses 
was to compare the chromobacteriura populations from 
different sources, namely, water, soil and river sediment. 
It should be pointed out that as this study was qualitative 
rather than quantitative, the relative numbers of strains 
in the various computer clusters have no connection with 
their relative numbers in the natural population of a 
particular source. Table 54 shows the number of strains 
from each source included in each PCA. cluster.
As discussed earlier, chromobacteria are 
commonly isolated from both water and soil. Gray (195 1) 
and Corpe (1954) considered that water was the natural
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habitat of some strains, although Calderini (1925)
tv
and Rice (1938) claimed that strains isolated from 
water originated from soil contamination,, . In this 
case, one would expect the water population to be a 
reflection of that of the soilo
Although some strains produced elaborate 
colonies with gelatinous centres (B/G) or totally 
butyrous colonies when freshly isolated, virtually all 
reverted to simple butyrous colonies in subculture.
These mainly constituted cluster K, which, as seen in 
Table 54, was composed of strains from soil, river 
sediment and water. Corpe (1954) isolated a few butyrous 
strains from soil, as well as water.
The cluster analysis divided group I (analogous 
to K) into a series of subgroups and these were separated 
arbitrarily into subgroups la to Ie (See Fig 21).
Subgroups la and lb were the largest and contained 
strains from all three sources, Ic contained only five 
strains, all of which came from water; Id contained 
strains from river water and sediment but not from soil, 
and Ie was a single strain from river sediment. Of 
course, as many more water isolates were collected and 
it is possible that these groups particularly Ic were 
formed by chance, and in fact are artifacts. However, 
they may indicate strains which are exclusively aquatic.
This certainly seems to be the case with 
Cluster N (spreaders) which were isolated exclusively 
from water, and were never seen on soil count plates.
Strains producing domed, totally gelatinous
colonies were considerably more numerous in soil than 
water (impression). They fell into two clusters, L and 
M (in PCA of 32 tests').. Although most strains of 
cluster L were isolated from water (8 out of 11 strains), 
four were isolated from a single river water sample, 
which had been taken after a spell of heavy rain (12 ram) 
and may have been washed in from the soil. Clusters L 
and M seem to be similar to the gelatinous strains that 
Corpe (1954) considered to be specifically soil strains.
Strains forming membranous, gelatinous colonies 
were placed in cluster K and seemed to originate mainly 
from water, and Corpe (1953) made similar conclusions.
Ward (1898) isolated membranous types from the River 
Thames.
It would seem that although some chromobacteria 
are found specifically in water, which presumably is 
their natural habitat, such as spreaders, and possibly 
also C.lividum subgroups Ic and Id, many occur in both 
soil and water. If gelatinous strains are naturally soil 
strains their presence in the river water would be due to 
soil contaminations. In this case they would be more 
numerous after rainfall. Table 55 shows the sources of 
strains from the various PCA clusters, but also whether 
they were isolated during summer or autumn/winter. All 
water isolates of cluster L were isolated during the 
winter when rainfall, and soil contamination of the river 
is highest.
Some soil strains may have poor survival
TABLE 55
Source and Season of Isolation of 161 Strains of Chromo- 
bacteria from PCA Grouping (using 32 tests). Strains 
from Culture Collections, and 16 Strains whose. Date of 
Isolation was not Recorded, were Excluded, The Number 
of Strains from Each Source in Winter and Summer are 
Given.
PCA Grouping using 32 tests
N ungrouped 1 
strains
Water
Winter
Summer
52
20
8
0
2
2
3
7
1
0
66
29
River Winter 8 0 0 0 0 8
Sediment Summer 15 0 3 0 0 18
« - -
^ Winter 13 2 2 0 1 18
Soil <
Summer 14 1 7 0 0 22
Total 122 11 16 10 2
ability in rivers and quickly die out. Earlier work 
with a batch culture apparatus showed that gelatinous 
soil strains rapidly disappeared after being introduced 
to river water, while butyrous types (like cluster K 
strains) proliferated*/ The apparent disappearance of 
the gelatinous strains may have been due to die-out, loss 
of the gelatinous property, or preferential deposition 
into the bottom sediment® However, river sediments did 
not seem to be rich in gelatinous strains. The butyrous 
types seem to be better adapted to the aquatic environment, 
and at least some strains were capable of active 
multiplication in river water, in the batch fermenter.
This may account for their predominance in river water.
It was not noted whether gelatinous strains died out 
more frequently than other psychrophils during storage 
at 4°C in JNB.
Such factors as selective wash out of some 
strains may influence the chromobacterium population in 
rivers. Perhaps gelatinous strains adhere to soil 
particles and are less easily washed out of the soil, and 
if so would be rapidly deposited with any washed in soil, 
while butyrous soil strains may be selectively washed from 
the soil and£therefore more numerous in water.
A large scale quantitative investigation would 
have thrown much light on these questions, but the 
qualitative study was also of use. Unless an effort had 
been made to select different types of colonies, rather 
than collecting all colonies from a few plates, it is 
unlikely whether the spreaders would have been discovered,
as they occurred in such small numbers, and were 
usually rather pale and difficult to see.
There did not seem to be any difference in 
type between chromobacteria isolated from different 
rivers etc, although only a few strains were isolated 
from waters other than the River Wey®
VII SUMMARY & CONCLUSION
The selective media developed in the early 
part of this investigation proved invaluable for 
studying the source and occurrence of chromobacteria in 
freshwater, and also in soils and river sediments. It 
is probable that only a proportion of the actual 
chromobacterium population was detected because of the 
unavoidable selectivity of the media and techniques used, 
and unpigmented strains would not be recognised.
Regular counts indicated a seasonal variation 
in the chromobacterium content of the river, with highest 
counts being obtained during the winter. This variation 
seemed to be associated with seasonal rainfall and 
temperature variations. Surface run-off and flow from 
storm drains washed large numbers of chromobacteria, as 
well as other types, from the soil to the river. On the 
other hand, water entering the river by percolation and 
effluent seepage, and from springs, did not carry 
detectable numbers. Other types of outfall investigated 
seemed to be only minor sources of chromobacteria for 
the river. ,
High numbers of chromobacteria seemed to be 
associated with high suspended silt content in the River 
Wey and most other rivers studied. Counts were lowest 
from young, clear oligotrophic streams, and tended to 
increase as the river aged.
Chromobacteria were present in river sediments 
but, as in the soils studied, their occurrence was
irregular and unpredictable and no correlation with 
physico-chemical"properties was detected. Chromobacteria 
did, however, tend to be fewer in dry soils.
Simulation experiments showed that chromo­
bacterium strains could grow actively in river water at 
temperatures equivalent to those of the river during the 
winter, but died out rapidly at summer temperatures. A 
similar pattern was seen in river water contaminated with 
soil, although the increased chromobacterium population 
was maintained for the duration of the experiment (at 
winter temperature) presumably due to the extra nutrients 
added with the soil.
Strains of chromobacteria from different 
sources were compared. All proved to be psychrophilic, 
but a new group were isolated only from water and seemed 
to be well separated taximetrically from the two accepted 
species of Chromobacterium. Results corroberated earlier 
findings, since many of the strains from soil were 
indistinguishable in properties from water and sediment 
isolates. However, some strains seemed to be specifically 
associated with soil (gelatinous strains), and were 
generally only recorded from river water after heavy rain. 
In fact, such gelatinous soil strains rapidly disappeared 
from soil contaminated river water at 6°C in the simulation 
experiments despite an increase in the number of 
chromobacteria generally.
The winter increase in chromobacteria in the 
river appears to be a compound effect of many factors.
Increased rainfall and well hydrated soil results in a 
high proportion of the rainfall forming surface run-off 
and washing eroded soil * and hence, suspended chromo­
bacteria, into watercourses® Increased surface run-off 
also results in greater river discharge which causes 
scouring and resuspension of bottom sediments, which 
also contain chromobacteria. Increased river discharge 
and suspended silt content also results in increased 
erosion of bank material, so that large volumes of soil 
fall into the river channel.
Some of the strains introduced from the soil are 
probably capable of active growth or prolonged survival 
in the river at winter temperatures, and this will 
supplement the continual inoculation of the river water 
with fresh chromobacteria® Some isolates, regarded as 
specifically soil strains (gelatinous), being only 
occasionally encountered in the river, probably die-out 
rapidly when introduced into the river.
With jthe onset of summer, run-off virtually 
ceases due to reduced and irregular rainfall, and drying 
of the soil to create a soil-water deficit. River 
discharge accordingly drops so that disturbance of bottom 
sediments is minimal, basal flow being maintained by 
springs and effluent seepage, which do not introduce 
chromobacteria. The chromobacterium population becomes 
greatly reduced, and is composed of strains native to 
river water (spreaders), and other strains suspended by 
slight disturbance of bottom sediments® A few strains may 
also be introduced by sewage and farm effluent outfalls.
It is not possible to assess the relative 
contributions of contamination with soil chromobacteria, 
resuspension of sediment chromobacteria, and multiplic­
ation of chromobacteria in the river water itself, in 
producing this winter increase in count, but it is 
probable that all these mechanisms have some influence*
The link between chromobacterium count and 
suspended silt content is probably one of common origin, 
rather than active attachment and growth on particle 
surfaces. Little has been discovered of the activity of 
chromobacteria or of their nutritional requirements in 
nature. Certainly, some strains were capable of rapid 
growth in river water at low temperatures, and it is 
likely that it is only at such temperatures that they 
are able to successfully compete for nutrients. They 
were present in larger numbers in older, more eutrophic 
rivers and few (as are bacteria in general) in oligotrophic 
streams. This would probably be the case, even in the 
absence of any active growth, since older rivers are also 
more silty and depend less on springs for their water 
supply. They receive much greater quantity of suspended 
soil material.
It is felt that this study has served to 
clarify the origin of river borne ehromobacteria and has 
indicated a number of possibilities for further work. 
Further regular counting of river chromobacteria could 
add strength to the findings made here, particularly if 
carried out more frequently and if made more statistically
exacting. Further simulation experiments and perhaps 
continuous culture work would reveal the growth
t / _ '
capabilities and requirements of ehromobacteria in 
water, and whether they grow in association with 
surfaces, or in free suspension. One looks forward to 
the answering of these and other related questions some­
time in the future.
APPENDIX I
Photomicrographs of Strains of Chromobacterium.
Plates 7 to 16 - The strains of Chromobacterium, 
pictured, were included in the computer study. 
Representatives of the five PCA Clusters (32 tests) 
are shown. Strain number, origin of strain and 
magnification are given for each photomicrograph.
(C.lividum)
Plate 7. Strain 68 from river water, (x 27,500)
Plate 8. Strain 174 from culture collection (NCTC 9796,
proposed neotype), (x 10,000)
Plate 9, Strain 39 from river v/ater. (x 30,000)
Plate 10. Strain 42, from river v/ater. (x 9,000)
Plate 11. Strain 146 from soil, (x 18,000)
Plate 12. Strain 147 from soil, (x 30,000)
V-x V_* JLN
(Spreaders)
Strain 162 from river water, (x 22,500)
(C. violaceum)
Plate 15. Strain 166 from University of Surrey 
Culture Collection (x 15,000)
Plate 16. Strain 170 from culture collection
(NCTC 9373). (x 25,500)
APPENDIX II
Photographs of Colonies of Strains of Chromobacterium.
Plates 18 to 29 - The strains of chromobacteria, pictured, 
were included in the computer study and had been repeatedly 
subcultured prior to photographing. Representatives of 
the five PCA Clusters (32 tests) are shown. Strain number, 
colony-texture and origin of the strain is given for each 
photograph.
Plates 30 & 31 - Photographs of strains of chromobacteria 
freshly isolated on CDA spread-plates inoculated with 
River Wey water.
Plate 17. Scale of photographs: millimetre scale
of a ruler at the same magnification as the colony 
photographs.
(C. lividum)
Plate 18. Strain 71 (butyrous) from river water.
Plate 19. Strain 173 (butyrous) from University of 
Surrey Culture Collection. Showing variation in colony 
pigmentation.
Plate 20. Strain 32 (gelatinous) from river water
Plate 21. Strain 126 (gelatinous) from soil.
Plate 22. Strain 94 (gelatinous) from river 
sediment. Showing variation in colony pigmentation.
Plate 23. Strain 90 (gelatinous) from river water.
LiusLer u 
(C. violaceum)
Plate 24. Strain 171 (butyrous) from culture collection 
(NCTC 9374)
Plate 25. Strain 168 (butyrous) from culture collection 
(NCTC 9371).
(Spreaders)
-
Plate 26. Strain 189 from river water.
Plate 27. Strain 164 from river water.
Cluster N cont.
Showing the effect of dryness of the agar surface 
on the appearance of colonies, of the same age.
Plate 28. Strain 165 from river water, growing on 
an undried agar surface.
Plate 29. Strain 165 growing on a predried agar 
surface.
Chromobacterium colonies photographed on primary
isolation on CDA spread-plates inoculated with River
Wey water, showing radial variation (breaks) in pigmentation.
Plate 30.
(butyrous-gelatinous colony type: B/G)
Plate 31.
(butyrous colony type)
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